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DESCSlPnON 


PiffiT  I  -  GEHEBAL  DESCBIPTION 

1.  PHOJECT  SIHOPSIS. 

1*1  PPEPOSE.  This  project  provided  structures  and  equipment  to 
Intercept  a  contaminated  plume  of  ground  water  upgradlent  of  the  Rocky 
Mountain  Arsenal  boundary;  to  convey  the  water  to  and  from  a  treatment  plant; 
and  to  redistribute  the  treated  water  to  the  natural  flow  pattern.  The 
treatment  plant  was  a  separate  design. 

1.2  APTHORIZAIIOH. 

1.2.1  Dlreetlvea.  Directive  Mo.  2»  8  January  1982,  Design  PY  82 
MCA  -  Rocky  Mountain  Arsenal.  Directive  Mo.  1,  14  January  1983,  FY  81,  PM 

36.2  Liquid  Waste  Disposal,  Phase  II  -  WPC. 

1.2.2  Scope.  The  project  Included  discharge  wells  with  pumping 
equipment,  piping  to  a  central  treatment  plant  Influent  sump,  the  central 
treatment  plant  Influent  and  effluent  sumps,  effluent  pumpa,  distribution 
piping  and  recharge  wells.  Support  for  the  wells  Included  well  access  roads, 
power,  controls,  potable  water  and  sewage  disposal  for  the  treatment  plant, 
and  site  preparation  for  the  treatment  building.  The  hydraulic  capacity 
requirement  for  the  system  was  estimated  to  be  1500  gallons  per  minute. 

1. 2.2.1  Anthorized  Scope/Cost  Limitation.  The  Project 
Development  Brochure  Rev.  No.  2,  dated  31  March  1982  requested  'i$4.8  million. 
The  PDB  was  based  on  providing  52  discharge  wells,  26  recharge  wells,  45 

'  monitoring  wells,  22,500  L.P.  of  electrical  dlstikbutlon,  6,000  L.P.  of 
collection  and  redistribution  plpli^,  and  a  3,800  S.P.  treatment  building 
with  carbon  absorption  equipment.  The  d«fatering  system  proposed  would  have 
consisted  of  two  rows  of  26  discharge  wells  apart  parallel  to  the  Arsenal 
boundary  2,000  feet  and  2,500  feet  Inside  the  boundary. 

1. 2. 2. 2  The  Project  Designation  was  changed  to  PY  81  PN 

36.2  Liquid  Waste  Disposal  -  Phrase  II  -  WPG  with  an  estimated  cost  of  5.8 
million. 


1.2. 2.3  Design  Scope/Cost  Estimate.  The  Cost  Estimate 
for  this  design  Is  furnished  with  these  docxjments.  The  scope  on  which  .the 
estimate  1$  based  Is  shown  on  the  final  drawings  and  described  in  this  Design 
Analysis  under  the  Design  Requlraoents  and  Provisions.  Reduction  of  the 
dewatering  system  to  a  single  row  of  15  discharge  wells  Is  the  most  signif¬ 
icant  deviation  from  the  PDB.  The  utility  runs  and  support  facilities  have 
been  reduced  correspondingly.  The  number  of  wells  and  spacing  were  revised 
to  adapt  to  the  hydrologic  conditions  encountered  In  the  hydrogeologlc 
investigations. 

1.3  Cal'iiKklA. 

1.3.1  Directive  No.  2,  8  January  1982,  Design  FY  82  MCA  -  Rocky 
Mountain  Arsenal. 


1.3«2  Rev  No.  2,  31  March  1982,  Project  Development  Brochure 
Liquid  Waste  Disposal  Facility  -  Northwest  Boundary  Containment  and  Treatment 
Facility. 


1.4  PROJECT  DESCBlPnOH. 

1.4.1  ConatTOCtlon  Site.  The  project  is  located  along  the 
Northwest  Boundary  Rocky  Mountain  Arsenal,  Colorado,  parallel  to  Colorado 
Highway  2.  The  area  Is  located  in  open,  undeveloped  grassland  in  Section  22, 
Township  2  South,  Range  67  West,  6th  Principal  Meridian. 

1.4.2  Function.  The  facilities  constructed  remove  Nemagon 
(DBCP)  contamination  from  the  groundwater  crossing  the  Arsenal  boundary  with¬ 
out  reduction  or  change  in  pattern  of  the  natural  flow.  Groundwater  is 
ptjmped  from  a  row  of  discharge  wells,  treated  by  carbon  absorption  and 
returned  through  recharge  wells  to  the  aquifer.  This  design  did  not  Include 
the  treatment  building  and  equipment,  the  design  of  discharge  and  recharge 
wells  isolate  the  contaminated  plume  for  treatment  and  reinjection  compatible 
with  the  existing  conditions. 

1.4.3  Personnel  and  Equipment.  Normal  operation  requires  one 
part-time  operator.  The  system  requires  daily  observation  on  a  year  round 
basis.  The  semiautomatic  control  system  contains  malfunction  alarms  which 
require  operator  response.  Well  service  equipment  is  -  required  on  an 
occasional  basis. 

1.4.4  Constructibility.  The  system  was  designed  for  a  one-time 
operation  of  approximately  10  years,  the  anticipated  duration  of  the  plume  of 
contamination.  Most  of  the  equipment  has  a  normal  service  life  of  20  to  30 
years.  The  wells  and  piping  system  could  be  used  for  much  longer,  if  they 
were  to  be  needed.  Materials  normally  used  in  well  and  water  service  are 
generally  compatible  with  the  ground  water.  Some  special  materials  were  used 
due  to  the  organic  nature  of  the  contamiiiants .  Plastic  pipe  was  used  in 
buried  piping  to  avoid  corrosion  and  scaling  problems. 

1.5  ECCWKBgC  SroaiARI.  The  hydraulic  barrier  required  to  Intercept 
the  contaminated  plume  fixes  both  construction,  operation,  and  maintenance 
costs.  In  order  to  optimize  the  length,  depth,  and  location  of  the  barrier 
the  test  holes  and  hydraixllc  models  discussed  in  Part  2  of  this  design 
analysis  were  required. 
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GENERAL  GEOLOGY. 


SKA 

N.9.  BOOHDABZ 
CHAPTER  1  >  HYDB06B0L06I 


1.1  PHYSIOGRAPHY.  Rocky  Mountain  Arsenal  (RMA)  is  located  within  the 
Colorado  Piedmont  Section  of  the  Great  Plains  physiographic  province.  This 
section  consists  of  a  late  mature  to  old  elevated  plain  with  the  low  rolling 
topography.  The  site  itself  is  located  on  the  eastern  edge  of  the  broad 
valley  of  the  South  Platte  River,  east  of  the  foothills  of  the  Front  Range  of 
the  Rocky  Mountains.  Topographic  relief  across  the  entire  Arsenal  is  approx¬ 
imately  200  feet',  with  the  land  surface  generally  sloping  northwest  toward 
the  South  Platte  River. 

1.2  DESCRIPTIOH  OP  OVERBURDEN.  The  overburden  consists  primarily  of 
alluvial  clays,  sands,  silts,  gravels,  and  some  cobbles  in  various  combina¬ 
tions.  Above  the  bedrock,  the  soils  are  qxjatemary  alluvial  deposits  ranging 
from  0  to  70  feet  in  thickness,  with  Irregular,  braided  channel  deposits  and 
lenses  characteristic  of  alluvium.  Occasional  calcareous  cemented  zones 
occur  in  the  alluvium  and  may  vary  from  several  inches  to  several  feet  in 
thickness.  The  alluvium  is  overlain  in  places  by  more  recent  deposits  of 
windblown  silts  and  sands. 

1.3  ngngnng  STRAIICTLAPHY.  The  Denver  and  Arapahoe  Formations  are  the 
bedrock  units  immediately  underlying  the  Rocky  Mountain  Arsenal.  They 
consist  of  deltaic  shales,  claystones,  sandstones,  and  conglomerates.  The 
Denver  Formation  is  yoxinger  and  overlie  the  Arapahoe  Formation.  The 
thickness  of  the  Denver  Formation  at  the  Arsenal  is  approximately  250  +  0400 

■  feet.  Occasional  lignite  beds  are  known  to  occur  locally  in  the  Denver 
Formation.  In  the  N.W.  Boundary  area,  the  Denver  Formation  consists  pre¬ 
dominantly  of  shale  or  claystone,  with  irregular,  discontinuous  sandstone 
lenses.  The  sandstone  lenses  are  thought  to  be  deltaic  channel  deposits  that 
grade  laterally  and  vertically  into  fine-grained  shales  and  claystones. 

1.4  ygnaocR  STRPCTDRE.  EMA  is  sitxiated  in  the  northwestern  portion 
of  the  Denver  Basin.  The  basin  is  an  oval  shaped  .  structural  depression 
meastirlng  approximately  120  by  70  miles.  The  basin  is  filled  with  approxi¬ 
mately  15,000  feet  of  sedimentary  rocks,  composed  mostly  of  shales,  sand¬ 
stones,  and  conglomerates,  with  lesser  amounts  of  limestone.  The  bedrock 
immediately  underlying  SMA  has  a  gentle  regional  dip  to  the  southeast. 

2.  FIELD  EXPLORATION  SOMMABY.  Field  work  for  the  project  began  on  March 
18,  1982  and  was '  completed  in  January,  1983.  A  total  of  89  holes  were 
drilled.  Refer  to  sheet  C-5  for  boring  locations.  Depths  varied  from  31.6 
feet  to  77.3  feet.  Sixty-seven  (67)  of  the  borings  are  located  in  five  lines 
parallel  to  the  northwest  boundary.  The  remaining  22  holes  include  5  wells 
and  17  observation  wells  (piezometers)  which  were  installed  to  perform  and 
monitor  aquifer  pump  tests.  Pump  test  data  was  used  to  determine  aquifer 
characteristics  and  well  efficiency.  Aquifer  pump  tests  were  conducted  in 
the  vicinity  of  DH82-13  and  DH82-6A. 
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2.1  BQUIPMEST  AMD  PERSOMSEL.  Except  for  wells  W-1,  W-2,  and  W-3,  all 

drilling  was  performed  by  COE  drill  crews  and  drill  rigs.  A  CME-75  equipped 
with  a  hollow  stem  auger,  a  Bucyrus-Erie  churn,  and  a  Failing  1500  were  the 
three  drill  rigs  used  for  this  project*  The  majority  of  the  holes  were 

drilled  with  the  CME.  In  augered  holes  3~lnch  or  2-lnch  split  spoon  samples 
were  taken  every  or  5  feet.  Churn-*drllled  holes  were  sampled  con¬ 
tinuously.  Wells  W-1,  W-2,  and  W-3  were  drilled  under  contract  by  Caissons, 

Inc.  The  36-lnch  diameter  wells  were  drilled  using  a  rotary  rig  with  a 

flight  auger.  Well  W-4  was  drilled  with  the  Falling  1500  and  W-5  was  drilled 
with  the  chum  drill. 

2.2  BORISG  LOCAIIOHS  AMD  FDBPOSE.  Five  lines  of  borings  were  drilled 

parallel  to  the  northwest  boundary  In  sections  22  and  27.  The  lines  are 

located  approximately  200,  800,  1,600,  2,400,  and  3,400  feet  southeast  of  the 
boundary  (see  sheet  C-5)*  Potential  boring  locations  were  staked  every  200 
feet,  l^t  all  locations  were  not  drilled.  As  a  result,  spacing  between 
drilled  holes  was  either  200  or  400  feet.  Only  the  holes  drilled  are  shown 
on  the  boring  location  plan,  which  explains  the  gaps  In  the  boring  numbering 
system.  The  holes  were  drilled  through  the^  overburden  and  about  5  feet  Into 
bedrock  to  determine  the  following:  the  elevation  of  top  of  bedrock;  the 
composition  of  bedrock;  the  stratigraphy  and  composition  of  the  alluvium;  and 
the  elevation  of  the  groundwater  surface,  if  present.  If  groundwater  was 
.encountered  in  the  holes,  2-lnch  diameter  piezometers  were,  installed  for 

water  level  measurements  and  water  sampling  for  water  quality  determination. 
The  first  four  lines  Inside  the  boundary  were  situated  along  three  potential 
locations  for  the  containment  system.  The  fifth  line,  located  3,400  feet 

southeast  of  the  boundary  in  section  22,  was  drilled  to  clarify  .complex 

hydrology  and  to  determine  contaminant  flow  paths.  Borings  .W-5A  and  W-5B 
were  drilled  to  Investigate  the  sandstone  lense  located  in  the  vicinity  of 
well  W-5. 

2.3  mss  TEST  WELLS  AHD  PIEZOMETERS.  Five  wells  (numbered  W-1 
through  W-5)  and  17  piezometers  were  Installed  to  perform  and  monitor  aquifer 
pump  tests.  See  Figures  1  and  2  for  well  and  piezometer  locations  and 
layouts.  W-1  and  W-3  were  tested  for  well  efficiency  (see  paragraph 
1.4. 3. 4. 4)  and  used  as  observation  wells  (piezometers)  for  the  main  pump  test 
which  was  run  In  W-4.  W-2  was  originally  going  to  be  the  main  pump  test 
well,  but  was  not  used  due  to  lack  of  capacity.  It  Is  believed  that  the 
drilling  and  development  methods  used  resulted  In  a  very  Inefficient  well, 
thereby  not  producing  sufficient  discharge  to  adequately  stress  the  aquifer 
during  the  pump  test.  W-4  was  constructed  to  replace  W-2,  and  was  the  well 
used  for  the  main  pump  test.  A  12-lnch  diameter  boring  was  drilled  using 
rotary  drilling  methods,  with  Revert  as  the  drilling  fluid  additive.  It  was 
constructed  with  steel  casing  and  an  8-lnch  diameter,  stainless  steel,  60 
slot,  continuous  wire  wound  screen.  Twelve  piezometers  were  Installed  In 
four  directions  from  W-4  to  monitor  water  levels  during  the  pump  test.-  Well 
W-5  was  Installed  to  perform  an  aquifer  pump  test  In  thin  portions  of  the 
aquifer.  An  8-lnch  diameter  boring  was  drilled  utilizing  the  chum  drill. 
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The  well  was  constructed  with  steel  casing  and  a  6-inch  diameter,  9d-slot, 
stainless  steel  wire  wound  screen.  This  well  was  drilled  with  a  chum  drill 
so  no  drilling  fluid  would  be  required.  While  drilling  well  W-4,  significant 
quantities  of  drilling  fluid  were  lost  into  the  aquifer.  Drilling  continued, 
at  times,  without  any  fluid  return  at  all.  This  would  tend  to  iMve  fines 
into  the  aquifer.  As  a  result,  the  permeability  around  the  well  and  the 
efficiency  of  the  well  can  be  reduced.  Because  W-5  was  situated  in  a  thinly 
saturated  area,  it  was  essential  that  the  well  be  constructed  as  efficiently 
as  possible  with  minimal  damage  to  the  aquifer.  Chum  drilUng  offers  these 
advantages  because  no  drilling  fluid  is  necessary.  Five  piezometers  were 
installed  in  two  .directions  from  W-5  to  monitor  water  levels  during  the  pump 
test.  The  borings  for  the  piezometers  were  drilled  with  the  hollow  stem 
auger. 

2.4  prszcnfETER  COHSTSncnOB.  Most  of  the  piezometers  wejre  2-inch 
diameter  schedule  80  PVC  pipe  with  threaded  couplings  installed  in  7  7/^inch 
diameter  borings.  Screens  were  slotted.  Schedule  80,  PVC  pipe  with  .020-inch 
(20  slot)  size.  Towards  the  end  of  the  exploration  program.  Schedule  40  PVC 
pipe  with  glued  couplings  was  used  in  lieu  of  Schedule  80.  Piezometers  with, 
glued  couplings  were  installed  strictly  for  water  level  information  and  are 
not  Intended  for  water  quality  sampling.  The  piezometers  wete  gravel  packed 
with  pea  gravel  to  the  top  of  the  aquifer  and  sealed  above  the  gravel  pack 
with  a  bentonite  plug  or  impervious  drill  cuttings.  The  remainder  of  the 
annular  space  around  the  riser  pipe  was  backfilled  with  drill  cuttings  and 
sealed  near  the  ground  surface  with  another  bentonite  plug. 

2.5  nArnmxTwe  wnr.gs.  Borings  that  did  not  have  piezometers 
installed  in  them  were  backfilled  with  drill  cuttings. 

3.  SUS  CEOLOGI. 

3,1  BEDBOCK. 

3,1.1  Lithology.  The  drilling  revealed  that  the  bedrock  in  the 
Northwest  Boundary  Study  area  is  comprised  of  the  Denver  Formation.  The 
Denver  Formation  was  found  to  consist  of  clay  shale  or  silty  clay  shale, 
grading  in  character  from  highly  weathered  to  unweathered.  The  uppermost 
shales  are  usually  found  to  be  highly  fractured  and  weathered.  Sandstone 
lenses  were  encountered  in  several  holes.  The  sandstone  units  vary  from  soft 
to  hard,  depending  on  the  amount  of  weathering  and  degree  of  cementation. 
They  are  relatively  impervious  due  to  a  large  fraction  of  fines.  The 
sandstones  encountered  were  occasionally  saturated.  Although  several 
sandstone  lenses  were  encountered  during  the  subsurface  investigations,  the 
sandstone  encountered  while  drilUng  well  W-5  will  have  the  most  impact  on 
the  containment  system,  because  it  lies  under  the  proposed  slurry  cutoff 
wall.  Rock  cores  of  this  material  were  obtained  and  are  stored  at  BMA  for 
display.  The  sandstone  at  this  location  is  a  moderately  hard,  argillaceous 
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sandstone.  The  color  varies  from  bluish-gray  (unweathered)  to  yellowish- 
brown  (weathered).  The  lower  5  feet  Is  essentially  unweathered,  while  the 
upper  5  feet  varies  from  moderately  to  highly  weathered.  Undisturbed  samples 
were  obtained  and  a  slug  test  was  performed  to  determine  the  permeability  of 
this  sandstone  lense.  The  undisturbed  samples  were  sent  to  the  HEID  lab  for 
permeability  tests.  The  lab  testing  has  not  been  completed  as  of  this 
writing.  The  slug  test  Is  discussed  later  in  the  report. 

3.1.2  Bedrock  Topography  and  Structure.  Depths  to  the  top  of 
the  Denver  Formation  range  from  20  to  70  feet,  and  the  bedrock  displays 
several  channel-llke  valleys  and  benches  (see  sheet  C-4).  The  regional  dip 
of  the  bedrock  strata  Is  very  gentle.  The  bedrock  surface  topography  Is  the 
result  of  stream  scour.  There  Is  a  good  discussion  on  the  bedrock  eroslonal 
surface  presented  In  the  1961  report  "Program  for  Reclamation  of  Surface 
Aquifer,”  prepared  by  the  Corps  of  Engineers,  Omaha  District.  A  1,000-foot- 
wlde  paleochannel  in  bedrock  extends  northward  from  below  the  northwestern 
quarter  of  Section  27  to  below  the  southwestern  quarter  of  Section  22. 
There,  the  paleochannel  turns  northwestward  and  crosses  beneath  the  Northwest 
Boundary  800  feet  north  of  9th  Avenue.  This  paleochannel  has  an  average 
bedrock  elevation  of  5070  m.s.l.  A  fairly  level  bedrock  surface  extends 
south  of  this  paleochannel  and  averages  5085  feet  In  elevation.'  A  1,000-foot- 
wlde  bedrock  bench  borders  the  northeast  side  of  the  paleochannel  north  of 
9th  Avenue  and  lies  at  an  average  elevation  of  5085  feet.  .  This  will  be 
referred  to  as  Bench  I.  A  still  higher  bedrock  bench,  Bench  II,  lies  at  an 
elevation  of  5110  to  5125  feet  and  parallels  the  paleochannel  beneath  the 
eastern  halves  of  Sections  22  and  27.  This  bench  is  approximately  1,000  feet 
wide  and  Is  somewhat  dissected  by  small  filled  "gullies.”  The  largest  of 
these  extends  northward  then  westward  on  Bench  II  beneath  the'  southeastern 
quarter  of  Section  22.  It  then  cuts  down  slightly  Into  Bench  I  and  Inter¬ 
sects  the  largest  paleochannel  near  the  Northwest  Boundary.  The  section  of 
Bench  II  beneath  Section  27  has  an  uneven  surface  due  the  small  burled 
gullies,  but  has  topographic  relief  of  10  feet  or  less.  Slumping  may  have 
been  an  Important  process  In  the  development  of  the  bedrock  topography.  A 
possible  burled  slump  block  lies  on  Bench  II  beneath  the  southeastern  comer 
of  Section  27.  It  probably  detached  from  the  steep  bedrock  slope  that  bounds 
Bench  II  to  the  east.  The  slope  rises  to  bedrock  highs  that  generally  lie  at 
elevations  of  5145  feet.  These  highs  may  be  the  dissected  remains  of  a  still 
older  Bench  III.  A  large  bedrock  knob  beneath  the  western  part  of  Section  23 
reaches  an  elevation  of  5160  feet  as  does  bedrock  beneath  the  southern  edge 
of  Section  27.  These  are  probably  eroslonal  remnants.  One  deep  burled 
"gully"  dissects  this  bedrock  highland  and  extends  northwestward  from  below 
the  southwest  comer  of  Section  26.  This  "gully"  loses  definition  when  it 
Intersects  Bench  II.  Bedrock  does  not  crop  out  at  the  surface  In  the  study 
area. 


3.2  ALLUViiM.  The  alluvium  was  deposited  during  the  Quaternary 
Period.  It  was  deposited  primarily  by  trl^tarles  of  the  ancient  Platte 
River  drainage  system. 
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3.2.1 


Allirylal  Aqtiifer  Material. 


3.2. 1.1  Lithology.  In  oost  places,  the  bedrock  Is 
directly  overlain  by  unconsolidated  coarse  alluvium.  This  is  the  alluvial 
aquifer  material  and  consists  of  highly  permeable  sands  and  some  gravels  with 
varying  amounts  of  silt.  The  majority  of  lab->classlfled  samples  of  the 
material  were  determined  to  be  silty  gravelly  sands,  with  the  percent  of 
fines  ranging  from  6  to  20  percent.  In  an  Isolated  case  silt  content  la  a 
silty  gravelly  sand  reached  32  percent.  Clean  sands  (-3Z  fines)  and  clean 
sand/gravel  mixes  are  Intermixed  (at  random)  throughout  the  aquifer.  Some 
lenses  of  less  permeable  clayey  sand,  sandy  clay,  and  clay  are  Interbedded 
with  the  sands  and  gravels.  These  usually  comprise  less  than  20  percent  of 
the  total  thickness  of  the  aquifer  material. 

3. 2*1.2  Thickness  and  Distribution.  The  thickness  of 
the  alluvial  aquifer  material  ranges  from  over  23  feet  to  less  than  3  feet. 
Thicknesses  exceed  20  feet  In  the  large  paleochannel ,  and  exceed  23  feet  over 
the  dissected  bedrock  highs  of  Bench  III  beneath  the  northwest  qtiarter  of 
Section  26.  Over  the  steep  bedrock  slopes  that  bound  the  benches,  the  thick¬ 
nesses  usually  decrease  to  3  feet  or  less.  Over  the  remnant  > bedrock  knobs, 
aquifer  material  Is  commonly  absent.  Groundwater  elevations  rarely  equal  the 
elevations  of  the  top  of  the  aquifer  material,  though  confined  conditions  are 
found  near  the  Northwest  Boun^ry  In  the  south  part  of  Section  22  and  the 
north  part  of  Section  27. 

3*2.2  Confining  Layer.  The  alluvial  aquifer  material  is 
overlain  by  fine-grained  overbank  alluvial  sediments.  This  matfarial  can  act 
as  a  confining  layer  to  groundwater.  The  fine-grained  sediments  are  usually 
sandy  or  silty  clays,  lean  clays,  or  less  commonly,  highly  plastic  clays. 
Some  zones  of  clayey  sands  are  occasionally  encountered.  The  thickness  of 
these  fine-grained  sediments  generally  average  23  feet. 

3*2*3  Cemented  Zones*.  Cemented  zones  are  known  to  occur  at 
random  in  the  alluvl\xm  at  BHA.  A  cemented  sand  and  gravel  was  encountered  in 
boring  DH82-43A  at  a  depth  of  20.8  to  23  feet.  Although  this  was  the  only 
cemented  zone  reported  during  the  exploratory  program.  It  Is  possible  that 
more  exist  and  were  not  detected.  It  Is  not  uncommon  to  drill  through  these 
cemented  zones  without  detecting  them  because  the  drilling  action  breaks  down 
the  cementing  agent,  resulting  In  cuttings  that  have  the  appearance  of 
uncemented  alluvium.  Cemented  zones.  If  encountered,  will  have  minimal 
Impact  on  well  drilling  operations,  but  can  have  consldetable  Impact  on  the 
slurry  trench  excavation.  Therefore,  the  possibility  of  encountering 
cemented  zones  will  have  to  be  addressed  In  the  contract  documents. 

3*3  BQT.TAH  DEPOSITS.  In  many  areas  of  the  arsenal,  a  thin  mantle  of 
eollan  soils  overlie  the  alluvial  deposits.  These  Wisconsin  Age  deposits 
were  derived  from  glacial  outwash  material.  They  are  generally  a  fine 
grained,  fairly  uniform  silty  sand. 
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4.  HYDS0L067. 


4.1  BBGIQW^T.  HIDROLOGT*  Regional  and  arsenal  wide  studies  were 
conducted  by  Geraghty  and  Miller,  Inc*,  and  is  presented  in  their  January 
1981  report  "Zvaluation  of  the  Hydrogeologic  System  and  Contamination 
Migration  Patterns,  Rocky  Mountain  Arsenal,  Denver,  Colorado*  Some  of  their 
conclusions  are  presented  below.  Refer  to  Geraghty  and  Miller  s  report  for 
more  detailed  information* 

I 

COHCLDSIONS; 

a.  Groundwater  is  obtained  from  alluvial  deposits  and  bedrock 
aquifers*  Principal  bedrock  aquifers,  from  land  surface  down,  are  the 
Denver,  Arapahoe,  Laramie,  Fox  Hills,  Dakota,  and  Fountain-Lyons  Formations* 

b.  The  alluvial  deposits  laid  down  in  ancient  erosional  valleys  have 
a  maximum  thickness  of  about  140  feet  on  the  Arsenal  and  extend  into  the 
South  Platte  River  Valley*  Where  sufficiently  thick  and  saturated,  this 
aquifer  is  capable  of  yielding  large  supplies  of  water. 

c.  The  Denver  Formation  crops  out  at  the  land  surface*  It  consists 
of  carbonaceous  shales  and  claystones  with  occasional  sandstone  and  siltstone 
lenses*  These  lenses  range  in  thickness  from  a  few  feet  tO'  20  feet  and 
occupy  sinuous  channels  that  are  difficult  to  trace  but  in  some  areas  extend 
format  least  3,000  feet* 

d.  The  Denver  Formation  is  separated  from  the  underlying  Arapahoe 
Formation  by  a  clay/ shale  buffer  zone,  75  to  200  feet  thick* 

e.  The  Arapahoe  Formation  is  the  most  important  aquifer  in  the 
Denver  area*  It  yields  good  quality  water  and  is  tapped  by  some. 6,000  stock, 
domestic,  and  municipal  wells. 

f.  Depth  to  the  Arapahoe  aquifer  below  the  BMA  land  surface  varies 
from  700  feet  along  the  south  boundary  to  300  feet  along  the  north  boundary. 

g.  Recharge  to  the  groundwater  system  is  from  precipitation  on  the 
outcrop  area,  infiltration  of  surface  water,  and  vertical  leakage  from 
confining  beds*  Total  recharge  to  the  Arapahoe-Denver  sequence  in  the  Denver 
Basin  is  estimated  at  100  mgd* 

h.  Pumpage  from  the  Arapahoe-Denver  aquifers  approaches  150  mgd  and 
is  in  excess  of  recharge*  Groundwater  is  being  taken  from  storage  within  the 
aquifers  and  this  withdrawal  has  resulted  in  a  100  to  200  foot  waterlevel 
decline  in  the  Denver  area* 
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1*  Regional  groundwater  flow  is  from  south  to  north  In  the  deep 
artesian  aquifers.  This  flow  pattern  has  been  modified  by  pumpage  In  the 
Denver  region.  The  potentlometrlc  surface  of  the  Arapahoe  aquifer  below  the 
RMA  in  1978  was  at  an  elevation  of  5,000  to  5,100  feet  above  msl. 

j.  Water-table  elevations  range  from  5,300  feet  in  the  southeast 
comer  of  the  BMA  to  5,100  feet  along  the  northern  boundary.  Regional  flow 
is  northward  toward  the  South  Platte  River  Valley.  Excluding  local 
anomalies,  the  regional  water-table  flow  pattern  found  during  this  1980  study 
is  identical  to  that  of  1956. 

k.  The  quality  of  groundwater  in  the  vicinity  of  the  Arsenal  varies 
considerably.  Water  In  the  alluvial  aquifer  along  the  South  Platte  River  Is 
mineralized  axid  unsuitable  for  domestic  and  municipal  supplies.  As  Irri¬ 
gation  water  It  is  of  salinity-hazard  classification.  Water  In  the  bedrock 
aquifers  Is  less  mineralized  and  of  fair  to  good  quality. 

l.  Groundwater  flow  occurs  in  both  alluvium  and  bedrock  aquifers  and 
is  part  of  one  continuous  hydrologic  system  as  Indicated  by  mapping  of  equi- 
potential  lines.  Generally  speaking,  the  amount  of  groundwat.er  flow  In  the 
bedrock  aquifer  la  small  compared  to  that  In  the  alluvium. 

m.  Contours  on  the  water  table  show  the  existence  of  *a  30-foot  high 
mound  below  the  South  Plants.  This  mound  Is  due  to  leakage  of  water  from 
pipes  into  low-permeability  material. 

n.  This  man-made  anomaly  of  the  water  table  presently  is  a  major 
driving  force  of  the  groundwater  flow  system  on  the  Arsenal.  Flow. lines  from 

-  the  mound  radiate  In  all  directons  and  the  head  differential  between  the 
mound  and  the  northwest  boundary  is  145  feet,  equivalent  to  a  high  gradient 
of  about  0.01  ft/ft. 

o*  Equlpotentlal  lines  indicate  a  vertical  component  of  groundwater 
throughout  the  Arsenal  and  water  from  the  alluvium  can  migrate  to  deeper 
formations.  Vertical  flow  has  been  identified  in  the  South  Plants  and  Basin 
A  "Neck”  areas. 

4.2  BEDBOCg  (DENVER  FOBMAIIOH).  Except  for  the  investigations 
(slugtest)  conducted  In  the  sandstone  lense  located  In  the  vicinity  of  W-5, 
no  specific  hydrologic  investigations  were  conducted  in  the  bedrock  for  this 
project  because  information  provided  by  BMA  states  that  no  contaminants  in 
excess  of  state  water  standards  have  ever  been  detected  in  the  bedrock  along 
the  northwest  boundary. 

4.2.1  The  hydrology  of  the  Denver  Formation  has  previously 
been  studied  and  tested  by  WES  and  is  presented  in  detail  in  their  1980 
report  "Hydrologic  Assessment  of  Denver  Sands  Along  the  North  Boundary  of 
RMA,"  and  in  their  1982  (draft)  report  "Hydrogeology  of  Rocky  Mountain 
Arsenal,  Colorado."  These  reports  provided  the  following  major  conclusions: 
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(a)  The  Denver  Formation,  in  conjunction  with  the  near-surface  alluvial 
aquifers,  comprises  the  local  groundwater  regime  at  RMA.  The  Denver- 
Alluvial  contact  roughly  parallels  the  groxind  surface  in  most  areas* 

(b)  The  Denver  Formation  underlies  the  entire  Arsenal  and  reaches  a  maximum 
thickness  of  approximately  400  ft. 

(c)  The  Denver  Formation  is  truncated  by  the  alluvium-covered  land  surface. 
The  base  of  the  Denver  is  dipping  to  the  southeast. 

(d)  The  Arsenal  is  divided  into  two  distinct  regions  based  on  variations  in 
lithologies  within  the  Denver  Formation.  From  C  Street  to  the  west,  the 
near— surface  Denver  Formation  is  predominantly  clay  shale  with  thin 
lenticular  layers  of  silty  sand  (SH).  From  C  Street  east,  the  Denver 
Formation  is  much  more  variable  and  contains  beds  of  coal,  lignite, 
mappable  volcaniclastic  zones,  and  thick  (up  to  50  ft.)  permeable  sand 
(SM,  SP). 

(e)  Hydrologic  conditions  in  the  groundwater  regime  at  BMA  are  controlled  by 
variables  in  both  the  Alluvium  and  the  Denver  Formation.  The  complex 
interaction  of  these  variables  determines  the  hydrologic  characteristics 
for  a  specific  part  of  the  Arsenal  within  a  certain  time  frame. 

(f)  Many  local  areas  of  the  Arsenal  have  extreme  water  table  fluctuations 

due  to  boundary  conditions  such  as  pumping  wells,  lakes  and 

impoundments.  The  Arsenal-wide  flow  patterns,  excluding  local 
anomalies,  have  remained  relatively  constant  since  1956  (I.e.,  to  the 
northwest). 

(g)  The  "mound"  of  groundwater  under  the  Shell  Plant  area  and  the  "ridge"  of 
groundwater  extending  across  Section  36  are  man-made  anomalies  produced 
by  impounded  surface  water  and  thii^s  like  leaking  water  pipes. 

(h)  Much  of  the  recharge  to  the  local  groundwater  regime  at  SMA  is  from  the 
alluvial  aquifer  inflow  from  the  southeast  (i.e.,  the  very  large  buried 
channel)  and  from  artesian  inflow  from  the  Denver  Formation. 

(i)  Piezometric  heads  in  many  of  the  Denver  wells  indicate  water  is  flowing 
laterally  (up-dip)  through  the  Denver  sediments  and  entering  the 
alluvium.  The  large  head  drops  in  the  Denver  aqiiifer  reported  by  Hobson 
and  Homers  (1982)  for  some  areas  in  the  Denver  Basin  do  not  show  up  in 
the  Hegional  Denver  wells. 

(i)  The  "mounding"  of  groundwater  in  the  Shell  Plant,  Basin  A  and  Basin  A 
"Neck"  areas  provide  the  head  needed  to  drive  contaminated  groundwater 
vertically  into  the  Denver  locally,  but  the  piezometric  heads  show  that 
this  water  should  then  flow  laterally  back  into  the  alluvium  at  a  lower 
elevation. 
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(Tc)  The  piezometric  levels  for  oaay  Denver  wells  In  areas  away  from  the 
anomalous  "mounds"  are  often  higher  than  water  levels  In  the  alluvium  at 
the  same  site  (Indicating  slight  artesian  conditions). 

(l)  The  hydraulic  conductivity  in  the  more  permeable  Denver  sands  (SM-SP)  is 
approximately  10"3  to  lO"^  cm/ sec < 

(m)  The  permeability  of  jointed  clay-shale  was  0.19  x  lO*"^  cm/sec.  Permea¬ 
bility  of  unfractured/unweathered  clay-shale  Is  approximately  10“' 
cm/ sec. 

4.2.2  Slug  Test  In  ff-5A. 

4. 2. 2.1  Tn^ealiation.  The  hole  was  drilled  by  first 

churning  through  the  overburden  and  Installing  6-lnch  diameter  steel  casing 
to  top  of  bedrock.  The  sandstone  was  then  cored  using  a  rotary  rig  with  PQ 
coring  equipment.  Clean  water  was  used  as  the  drilling  fluid  while  coring. 
No  additives  were  added.  The  bedrock  portion  of  the  hole  was  later  reamed  to 
5-7 /8-inch  diameter.  A  2-iach  diameter,  schedule  40  PVC,  piezometer  was 
installed  for  the  slug  teat.  A  5-foot  long  slotted  PVC  screen  was  placed  in 
the  lower  5  feet  of  sandstone.  A  5-foot  long  bentonite  seal  was  placed  in 
the  annular  space  above  the  screen  to  prevent  upward  seepage  during  the  test 
ATiA  ensure  injected  water  is  flowing  into  the  sandstone  and  hot  back  up  the 
hole.  A  gravel  pack  (pea  gravel)  was  installed  around  the  screen.  A 
detailed  installation  diagram  along  with  the  slug  test  calculations  are 
presented  in  Appendix _ . 

4. 2.2. 2  Slug  Test.  The  test  was  conducted  on 
-  25  January  1983.  Exactly  1.5  gallons  of  water  were  added  to  the  piezometer. 

The  water  level  drop  was  then  monitored  for  2  hours.  After  2  hours,  the 
water  level  dropped  to  within  about  0.3  foot  of  the  original-  water  level. 

4.2. 2. 3  Water  Level  Data  Aquisition.  Changes  in  water 
level  were  measured  using  a  battery-operated  downhole  head  measuring  device. 
The  device  consists  of  a  pressure  transducer,  a  digital  voltmeter,  and  a 
strip  chart  recorder.  The  amplified  transducer  output  was  monitored  with  the 
voltmeter  and  recorded  on  the  strip  chart.  The  digital  voltmeter  output  was 
converted  to  depth  of  water  above  the  transducer  by  a  predetermined  calibra¬ 
tion  factor  of  0.075  volts  per  foot  of  depth.  The  voltage  was  read  and 

recorded  at  15  second  Intervals  throughout  the  test.  The  voltage  was  later 

converted  to  water  levels. 

4. 2.2.4  Data  Analyses.  The  data  was  analyzed  in  the 

same  manner  as  presented  in  the  USGS  Professional  Paper  708  "Ground-Water 

Hydraulics"  1972.  Based  on  this  slug  test,  the  permeability  of  the  sandstone 
at  this  location  is  approximately  4  to  5  x  10”5  cm/ sec.  Considering  this  is 
two  orders  of  magnitude  more  permeable  than  the  slurry  wall,  it  will  have  to 
be  removed  for  the  full  width  of  the  trench. 
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4.3 


ALLDYIDM. 


-  4.3.1  Water  Table  and  TJnaatarated  Axeas*  The  water  table  in 

the  Northwest  Boundary  stxidy  area  lies  at  elevations  ranging  from  less  than 
5090  to  more  than  5150  feet  m.s.l.  (see  sheet  C-14).  The  water  table  over 
the  large  paleochannel  and  the  level  bedrock  surface  beneath  the  western  part 
of  the  study  area  has  a  relatively  gentle  gradient  ranging  from  .0023  to  .005 
foot/foot  sloping  to  the  north-northeast.  The  water  table  elevations  in  this 
area  range  from  5105  to  5090  feet.  The  bedrock  high  to  the  north  and  east 
causes  the  direction  of  flow  to  change  abruptly  to  the  northwest  over  Bench 
I.  Numerous  unsaturated  areas,  roughly  coincident  with  Bench  II  and  higher 
bedrock  elevations  extend  west  of  the  paleochannel.  These  unsaturated  areas 
are  separated  by  narrow  "bands'*  of  flowing  groundwater  roughly  coincident 
with  the  small  buried  “gullies"  incised  in  the  bedrock.  Water  table  ele¬ 
vations  in  these  areas  range  up  to  5150  feet.  Gradients  are  relatively  steep 
•  and  range  as  high  as  .05  foot/ foot  directed  to  the  west-northwest.  This 
groundwater  enters  the  study  area  from  the  east-southeast.  However,  the 
source  of  the  water  moving  through  material  in  the  deep  buried  "gully 
beneath  the  southeast  comer  of  Section  27  is  probably  separated  from  the 
source  of  the  water  flowing  over  Bench  III  as  evidenced  by  different  levels 
of  contaminants.  The  alluvium  beneath  the  northeastern  part  of  Section  22 
and  the  western  part  of  Section  23  is  largely  unsaturated.  Some  water  will 
flow  in  the  alluvium  in  this  area  due  to  infiltrated  precipitation.  This 
causes  the  water  table  surface  to  slope  directly  away  from  the  unsaturated 
area.  Some  groundwater  was  encountered  in  the  alluvium  above  the  bedrock 
high  to  the  north  of  the  proposed  containment  system.  Any  connection  between 
this  groundwater  (elevation  ±  5110)  and  the  groundwater  along  the  containment 
system  (elevation  ±  5090)  is  unclear  at  this  time.  However,,  it  is  highly 
-possible  that  the  groundwater  above  the  bedrock  high  will  flow  down  the 
bedrock  slope  and  mix  with  the  lower  groundwater  on  both  sides  of  the  cutoff 
wall.  There  is  no  containment  presently  proposed  for  this  •  groundwater, 
because  information  provided  by  BMA  states  that  the  water  above  this  bedrock 
high  has  never  had  contaminant  levels  in  excess  of  the  state  water  standards. 
It  should  be  pointed  out,  however,  that  if  this  water  ever  becomes  con¬ 
taminated  and  mixes  with  the  groundwater  down-gradient  of  the  cutoff  wall  it 

may  be  mistaken  as  failure  of  the  wall.  For  this  reason,  a  minimum  of  two 

monitor  wells  are  proposed  to  monitor  the  alluvial  groundwater  above  the 

bedrock  high  to  the  north  of  the  cutoff  wall.  Should  these  wells  ever 
indicate  the  ground  water  is  contaminated,  it  should  be  contained  with  an 
extension  to  the  northwest  boundary  cutoff  wall. 

•4.3.2  Saturated  Thicknesses.  Saturated  thicknesses  in  the 

alluvial  aquifer  range  from  0  to  over  25  feet  (see  sheet  C-15).  The  largest 
saturated  thicknesses  (25  feet  and  more)  are  in  the  material  in  the 
paleochannel  beneath  the  western  part  of  the  study  area.  The  aquifer  is 
occasionally  confined  in  this  area.  The  saturated  thickness  generally 
decreases  as  the  bedrock  elevation  rises.  Saturated  thicknesses  decrease  to 
less  than  10  feet  over  Bench  I.  Saturated  thicknesses  over  Benches  II  and 
III  are  generally  less  than  5  feet  and  often  less  than  2  feet.  Groundwater 
in  this  area  flows  as  small  "rivulets"  in  the  small  buried  "gullies."  The 
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width  of  these  rivulets  is  generally  small  and  this  made  pinpointing  exact 
flow  paths  difficult.  Along  the  proposed  containment  system  the  saturated 
thickness  decreases  from  over  20  feet  at  the  southwest  end  to  as  little  as  5 
feet  at  the  northeast  end  (see  sheet  C'“12).  In  general,  the  southwest  half 
of  the  system  has  a  saturated  thickness  of  approximately  20  feet  and  the 
saturated  thickness  of  the  northeast  half  is  less  than  10  feet.  As  a  result, 
the  aquifer  and  containment  system  for  each  half  was  analyzed  Individually* 

4.3.3  yine-Crained  Confining  Layer.  The  hydrology  of  the 
confining  layer  was  not  studied  in  detail  since  this  layer  seldom  Interacts 
with  groundwater  in  the  study  area  other .  than  to  confine  the  water  table  in 
areas,  and  to  transmit  natural  recharge.  The  hydraulic  conductivity  of  this 
fine-grained  alluvium  is  negligible  compared  to  the  underlying  sands. 

4.3.4  Hydranlle  Anatwals  -  Alluvial  Aquifer.  Two  alluvial 
aquifai  pump  tests  were  run  to  determine  the  hydraulic  characteristics  of  the 
aquifer  in  the  vicinity  of  the  proposed  containment  system.  One  (W-4)  was 
conducted  near  DS  82-13  in  the  northwest  quarter  of  Section  27,  by 
Woodward-Clyde  Consultants  and  Omaha  District  personnel  with  some  technical 
assistance  from  the  US  Geological  Survey,  Denver.  The  other  (W-5)  was 
performed  near  existing  monitor  well  22~13  in  Section  22,  by  Omaha  District 
personnel  only.  Pump  test  locations  are  shown  on  sheet  C— 5.  Each  of  the 
pump  tests  are  discussed  separately. 

4.3.4. 1  Pump  Test  in  Well  W-4. 


4.3.4.1.1  Sixteen  2-inch  diameter  PVC 

monitoring  wells  and  three  12-inch  diameter  PVC  observation  wells  were 
-  installed  in  the  vicinity  of  Well  No.  W-4  for  the  purpose  of  measuring 

groundwater  drawdown  and  recovery  during  the  pump  test*  Existing  monitor 
well  27-045  was  also  monitored  during  the  test.  The  layout  of  the  wells  used 
during  the  test  is  shown  in  Figure  1.  In  addition,  four  3/4— inch  diameter 
PVC  piezometers  were  installed  in  the  gravel  packs  around  each  of  the  wells 
W-1,  W-2,  and  W-3.  These  piezometers  extended  to  various  depths  and  were 
located  at  various  distances  from  the  well  within  the  gravel  pack. 

The  pumped  well,  W-4,  was  an  8-inch  diameter  steel-cased  well  with  20 
feet  of  8-inch  diameter  .060-inCh  slot  wire-wound  stainless  steel  well 
screen.  Approximately  5  feet  of  8-iach  diameter  pipe  extends  below  the 
bottom  of  the  screen  into  weathered  shale  bedrock  functioning  as  a  sediment 
trap.  The  pumping  well  was  Installed  in  a  12-inch  diameter  boring  drilled 
with  a  Failing  1500  truck-mounted  drill  rig  using  conventional  rotary 
drilling  techniques  and  bio-degradable  organic  drilling  fluid  (Johnson’s 

Revert).  A  3/4-inch  diameter  PVC  piezometer  was  attached  to  the  outside  of 

the  well  casing.  The  piezometer  extends  to  the  bottom  of  the  well  screen  and 
the  lower  5  feet  of  the  piezometer  was  slotted. 
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The  well  does  not  have  aa  artificial  gravel  pack  and  was  naturally 
developed  with  a  surge  block.  Sediments  were  removed  from  the  well  with  a 
sand  bailer.'  After  surging  and  bailing,  the  well  was  pumped  at  approximately 
395  gallons  per  minute  for  40  minutes.  Drawdown  and  recovery  of  the  ground- 
vater  was  monitored  in  the  pumped  well  and  the  adjacent  wells  during  this 
mini-pump  test  which  was  performed  in  the  afternoon  on  May  24. 

4. 3. 4. 1.2  Drawdown  Test.  During  the  48-hour 
test,  a  6-inch  diameter  22.5  horsepower  Franklin  submersible  p^p  was 
positioned  within  the  lower  one-third  of  the  well  screen.  A  3/4-inch 
diameter  PVC  pipe  was  Installed  in  the  well  to  facilitate  water  level 
measurements  in  the  well  during  pumping.  The  drawdown  test  began  in  well  W-4 
at  08:35:43  a.m.  on  26  May  1982.  The  well  was  pumped  continuously  at  a  rate 
of  about  400  gallons  per  minute  (gpm)  +5  percent  for  48  hours.  The  pximping 
rate  was  monitored  in  the  dishcarge  line  at  the  well  using  a  Rockwell 
totalizer  flowmeter.  The  total  flow  Indicated  in  gallons  on  the  meter  was 
recorded  at  approximately  the  same  time  intervals  used  to  monitor  the 
drawdown  in  the  observation  wells.  The  average  flow  rate  during  each  time 
interval  was  determined  as  the  difference  in  the  flowmeter  reading  divided  by 
the  elapsed  time  between  the  current  and  previous  reading. 

The  ground  water  was  pumped  through  a  4-inch  diameter  irrigation  pipe 
across  a  small  topographic  divide  and  discharged  through  a  6-inch  diameter 
circular  orifice  weir  approximately  700  to  800  feet  southeast  of  the  pumping 
well.  Flow  through  the  orifice  was  monitored  on  an  occasion^  basis  as  a 

check  on  the  flow  meter. 

The  pumping  rate  was  controlled  by  a  gate  valve  located  in'  the  discharge 
-line  near  the  pumping  well.  The  pump  was  powered  by  a  O.S.  Army  Corps  of 
Engineers  truck-mounted  diesel  generator  capable  of  supplying  230  volts. 

4.3.4. 1.3  ^ter  Level  Data  Acquisition.  Water 
level  measurements  were  initially  taken  at  intervals  of  30  seconds  or  less 
and  gradually  increased  to  about  90  minutes  at  3  hours  and  remained  at 
90-minute  intervals  to  the  end  of  the  test.  With  the  exceptions  of 
observation  wells  12D,  SE4,  W-1,  and  W-3,  water  level  measurements  were 
obtained  using  electric  water  level  indicators  (sounders)  and  steel  tapes 
(wetted  tape  method).  Electric  sounders  were  used  la  many  of  the  wells 
during  the  early  portions  of  the  drawdown  and  recovery  tests  when  the  most 
rapid  response  of  the  aquifer  was  anticipated.  After  about  3  hours,  the 
wetted  tape  method  was  used  exclusively  with  the  exception  of  the  3 /4-inch 
diameter  piezometers  (near  W-1,  W-2,  W-3,  and  W-4)  where,  because  of  the 
small  diameters,  the  ability  to  obtain  water  levels  was  limited  to  the 

electric  sounders . 

Water  levels  in  wells  W-1  and  W-3  were  monitored  with  float  type  water 
level  recorders  which  were  installed  by  the  D.  S.  Geological  Survey,  Denver. 
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Changes  In  water  level  In  wells  12C  and  SE4  were  measured  using  two 
batter3r~operated  downhole  head  measurement  devices*  Each  device  consists  of 
a  pressure  transducer.  The  amplified  transducer  output  was  monitored  using  a 
digital  voltmeter  and  strip  chart  recorder.  The  digital  voltmeter  output  was 
converted  to  a  depth  of  water  above  the  transducer  by  a  predetermined  .cali¬ 
bration  factor  (0.075  volts  per  1  foot  of  depth).  The  strip  chart  recorders 
were  used  to  automatically  record  the  change  in  voltage  and,  therefore,  the 
change  in  head  during  the  first  hour  of  the  drawdown  test  and  about  the  first 
half  hour  of  the  recovery  test.  ■  However,  because  of  internal  noise  in  the 
recorders,  the  digital  voltmeter  readings  were  recorded  manually  at  the  spec¬ 
ified  observation  time  intervals.  The  transducers  are  sensitive  to  changes 
in  water  depth  ^of  .01  feet.  Manual  measurements  using  the  wetted  tape  method 
were  used  at  some  of  the  longer  time  intervals  to  complement  and  check  the 
downhole  head  measuring  devices. 

4.3.4. 1.4  Recovery  Test.  The  recovery  test 
began  at  3:40  a.m. ,  28  May  1982,  and  cot^luded  24  hours  later.  Some 
additional  measurements  were  made  during  the  following  48-hour  period.  Water 
levels  during  recovery  were  measured  as  described  in  the  drawdown  test. 

4.3. 4.1. 5  AoTidLfer  Description.  Boring  logs 
for  the  21  wells  installed  at  the  pump  test  site  indicate  the  subsurface 
materials  are  fine-grained  sandy  silts  and  clays  near  the  surface  grading  to 
relatively  clean  coarse  sand  and  gravel  with  depth.  The  logs  generally 
indicate  a  relatively  distinct  stratigraphic  contact  between,  the  overlying 
fine-grained  sediments  and  the  underlying  sand  and  gravel.  The  average  depth 
below  grade  to  the  top  of  the  sand  and  gravel  deposit  is  about -35  feet.  The 
sand  and  gravel  deposit  extends  down  to  the  top  of  bedrock  (Denver  Formation) 
which  was  encountered  at  an  average  of  about  63  feet. 

The  average  depth  to  groundwater  as  measured  just  prior  .to  activating 
the  pump  for  the  drawdown  test  was  about  37  feet.  The  boring  logs  indicate 
the  water  within  the  sand  and  gravel  is  primarily  unconfined  in  the  area  of 
the  test,  although  some  confined  conditions  existed.  The  average  saturated 
thickness  of  the  sand  and  gravel  is  about  25  feet.  The  hydraulic  gradient 
estimated  from  the  water  levels  observed  prior  to  the  drawdown  test,  is 
approximately  .002  ft /ft  toward  the  northwest. 

4.3.4.1.6  Data  Analyses.  When  the  pump  was 
started,  the  water  level  in  the  pumped  well  fell  about  12  feet  in  30  seconds 
and  remained  at  about  this  level  throughout  the  48-hour  test.  After  48 
hours,  drawdowns  outside  the  well  ranged  from  2.2  feet  at  a  distance  of  3.3 
feet  from  the  pumped  well  to  0.6  feet  at  410  feet.  Aquifer  characteristics 
for  the  alluvial  aquifer  were  determined  using  the  time-drawdown  data  for  17 
of  the  20  observation  wells.  Analyses  using  Boulton's  method,,  assuming 
delayed  yield  for  an  unconfined  aquifer,  gave  an  average  transmissivity  value 
of  210,228  gpd/ft  and  an  average  specific  yield  of  .085.  Saturated  thickness 
of  the  alluvial  aquifer  was  usxially  within  a  foot  of  25.  feet  for  the 
observation  wells  prior'  to  the  pump  test.  Hydraulic  conductivities 
calculated  using  the  values  for  transmissivity  and  saturated  thickness 
averaged  about  1144  ft/day.  The  time-drawdown  curves  and  calculations  are 
included  in  Appendix  A.  Table  1  is  a  summary  of  the  drawdown  analyses. 


11-13 


TABLE  1 


BESDLTS  OF  SRAHDOWN  AHALZSES  IJSIS6  BOULTON'S  DKLATED-YIZLD  TYPE  CURVES 


T 

R 

yKijT.  HO* 

(gpd/ft) 

(ft/day) 

S 

NW-3 

169,765 

908 

.096 

NW-2 

229,183 

1226 

.051 

NW-1 

183,346 

980 

.145 

SE-4 

229,183 

1226 

.154 

SE-3 

254,648 

1362 

.055 

SE-2 

190,991 

1021 

.147 

SE-1 

241,245 

1290 

.054 

669(27-045) 

229,183 

1226 

.081 

13-3 

229,183 

1226 

.066 

13-C 

218,269 

1167 

.047 

13-A 

183,346 

980 

.097 

14 

163,702 

1216** 

.086 

12-D 

208,354 

1114 

.092 

12-B 

229,190 

1226 

.076 

12-C 

254,643 

1362 

.047 

12-A 

183,352 

980 

.071 

12 

176,294 

943 

.080 

# 

Averages 

210,228 

1144 

.085 

*  Saturated  thickness  assumed  eq\ial  to  25  feet. 
**  Saturated  thickness  equals  18  feet. 


Recovery  data  was  analyzed  by  Woodward-Clyde  Consultants  in  accordance  with 
methods  presented  in  "Ground  Water  and  Wells,"  Johnson  1975.  The  average 
values  for  the  aquifer  using  the  recovery  data  are; 


Transmissivity  *  285,000  gpd/ft 
Hydraulic  conductivity  «  1*500  ft/day 
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These  values  are  slightly  higher  than  those  obtained  from  the  drawdown  data. 
However,  the  recovery  method  may  give  a  slightly  high  transmissivity  in 
unconfined  aquifers  (Ground  Water  Manual,  1981). 

4.3.4.2  Pump  Teat  In  Well  W-5. 

4.3. 4. 2.1  Well  Installations  and  Development. 
Five  2-iach  diameter  PVC  monitoring  wells  were  installed  in  the  vicinity  of 
well  No.  W-S  for  the  purpose  of  monitoring  ground  water  drawdown  and  recovery 
during  the  pump  test.  Existing  monitor  well  22-013  was  also  monitored  during 
the  test.  The  layout  of  the  wells  is  shown  in  Figure  2.  The  pumped  well 
(W— 5)  was  a  6— inch  diameter  steel  cased  well  with  5  feet  of  6— inch  diameter 
.090-inch  slot  wire-wound  stainless  steel  well  screen.  Ten  feet  of  6-inch 
diameter  steel  pipe  extended  below  the  bottom  of  the  screen  into  bedrock 
functioning  as  a  sediment  trap  during  development.  The  pumping  well  was 
installed  with  a  Bucyrus-Erie  chum  drill.  An  8-inch  diameter  hole  was 
drilled  to  accommodate  the  6-inch  well.  A  3/4-inch'  diameter  PVC  piezometer 
was  installed  inside  the  well  for  water  level  measurements.  The  well  does 
not  have  an  artificial  gravel  pack  and  was  naturally  developed  with  a  svirge 
block.  Sediments  were  removed  from  the  well  with  a  sand  bailer. 

4.3. 4.2.2  Drawdown  Test.  The  drawdown  test  in 

well  W-5  began  at  12:11  p.m.  on  6  December  1982.  The'  well  was  pumped 
continuously  for  48  hours.  The  initial  discharge  rate  was  SO.gpm.  However, 
this  rate  quickly  drew  the  water  level  to  the  pump  intake  (47.5  feet  below 
top  of  casing).  Several  adjustments  were  necessary  to  sustain;  a  consistent 
pumping  rate.  After  the  initial  90  minutes  of  the  test,  the  well  was  pumped 

continuously  at  a  rate  of  about  33.5  gpm  +6  percent.  As  a  result,  the  early 

drawdowns  during  the  test  are  not  considered  to  be  accurate.  The  aquifer 
characteristics  determined  from  this  test  were  determined  by  .analyzing  the 
late  time  drawdowns,  when  the  pumping  rate  was  relatively  constant.  The 
pumping  rate  was  measured  using  a  5-gallon  bucket  and  a  stopwatch.  The 

pumping  rate  was  controlled  'by  a  gate  valve  located  in  the  discharge  line 

near  the  well.  Discharged  water  was  piped  approximately  50  feet  west- 
northwest  from  the  discharging  well.  The  pump  was  powered  by  a  U.  S.  Army 
Corps  of  Engineers,  Omaha  District,  portable  diesel  generator  capable  of 
supplying  approximately  230  volts. 


4.3.4.2.3  Water  Level  Data  Acquisition.  Water 
level  measurements  were  initially  taken  at  1-minute  intervals  and  gradually 
increased  to  every  2  ho\irs  after  10  hours  and  remained  at  2-hour  intervals 
for  the  duration  of  the  test.  Water  level  measurements  were  obtained  using 
electric  water  level  indicators.  Initially,  there  was  one  water  level 
indicator  for  each  well.  However,  extreme  cold  overnight  caused  some  of  the 
batteries  to  fall.  As  a  result,  some  instruments  had  to  be  used  to  measure 
more  than  one  well.  . 
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4.3«4.2.4  Recovery  Test.  The  recovery  test 
began  at  approximately  12:11  p*m.  on  8  December  1982,  when  the  pump  was  shut 
off,  and  concluded  9  hours  later.  One  additional  measurement  was  made  at  19 
hours  after  shutdown.  Water  level  measurements  during  recovery  were  taken  at 
essentially  the  same  intervals  as  during  the  drawdown  test. 

4.3. 4. 2.5  Aquifer  Description.  The  subsurface 
materials  in  the  vicinity  of  W-5  are  primarily  fat  and  lean  clays  near  the 
surface  grading  into  relatively  clean  sand  and  gravel  with  depth.  There  is  a 
relatively  distinct  stratigraphic  contact  between  the  overlying  fine-grained 
sediments  and  the  underlying  sand  and  gravel.  The  average  depth  below  ground 
surface  to  the  top  of  the  sand  and  gravel  is  about  34  feet.  The  sand  and 
gravel  extends  down  to  the  top  of  the  Denver  Formation  (weathered  sandstone) 
which  was  encountered  at  about  42  feet.  The  average  depth  to  groundwater 
just  prior  to  activating  the  pump  for  the  drawdown  test  was  about  34.5  feet 
below  ground  level.  The  boring  logs  indicate  the  water  within  the  sand  and 
gravel  is  on  the  borderline  of  being  confined  or  unconfined  in  the  area  of 
the  test.  The  average  saturated  thickness  at  the  time  of  the  test  was  about 
7.5  feet. 


4. 3. 4. 2. 6  Data  Analyses .  When  the  pump  was 
started,  the  water  level  in  the  pumped  well  dropped  about  9  feet,  and  except 
during  some  flow  adjustments,  remained  at  about  this  level  throughout  the 
test.  After  48  hours,  drawdowns  outside  the  well  range  from  about  0.9  feet 
at  a  distance  of  5  feet  from  the  pumped  well  to  about  .45  feet  at  47  feet. 
Aquifer  characteristics  for  the  alluvial  aquifer  were  determined  using  the 
time-drawdown  data  from  the  observation  wells.  Drawdowns  were  plotted  on  log 
paper  versus  +  and  also  r2/t  for  matching  with  the  type  curve  for  u  versus 
-W(u).  The  aqxilfer  characteristics  were  determined  from  matching  the  observed 
drawdowns  at  late  times  with  the  type  curve  and  solving  for  T  and  S  using 
Theis  equations.  Early  drawdowns  were  not  considered  because  of  the 
variation  of  pumping  rates  during  the  early  portion  of  the  test.  Highly 
erratic  measiirements  in  P-3  and  P-4  prevented  analysis  because  they  could  not 
be  matched  to  the  curve.  It  is  believed  the  erratic  readings  were  the  result 
of  using  different  water  level  indicators  and  different  personnel  for  measure¬ 
ments.  Due  to  the  small  drawdowns  during  this  test  an  effort  was  made  to 
measure  drawdown  to  the  nearest  .01  of  a  foot.  Changing  indicators  coupled 
with  different  personnel  taking  the  measurements  can  lead  to  errors  in  meas¬ 
urements  of  several  hundredths  of  a  foot.  More  continuity  was  achieved  in 
measuring  water  levels  in  the  other  monitor  wells;  l.e.,  the  same  water  level 
indicators  were  used  in  each  well  for  the  duration  of  the  test  and  the  same 
personnel  took  the  measurements  as  much  as  possible.  As  a  result,  the 
drawdown  curves  were  more  uniform.  The^  time-drawdown  curves  and  calculations 

are  included  in  Appendix  _ .  ’  Table  2  is  a  summary  of  the  drawdown  and 

recovery  analyses.  Recovery  data  .were  also  presented  in  Appendix  . 

Recovery  data  were  analyzed  by  plotting  residual  drawdown  versus  t/t’  on 
semilog  paper  and  solving  for  T  and  S  in  accordance  with  procedures  outlined 
in  U.  S.  Department  of  Interior,  Ground  Water  Manual,  .1981. 
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TATtTJt  2 


SmSlABX  OF  SSARDOVH  ASD  BECOVESZ  AHAL7SES 
T  K 

WELL  HO.  (gpd/ft)  (ft/day)  _ S 

Drawdown 
(S  vs.  T) 


P-1 

27,818 

489 

.64 

P-2 

38,388 

693 

•  .146 

P-5 

29,529 

466 

.175 

22-13 

45,700 

848 

.009 

P-1 

Drawdown 
(S  vs.  r2/t) 

28,648 

504 

.68 

P-2 

42,653 

770 

.148 

P-5 

30,711 

485 

.187 

22-13 

41,726 

774 

.02 

Drawdown 

Average 

35,647 

629 

•25 

Recovery 
(s'  vs.  t/t’) 

- 

P-1 

24,879 

438 

P-2 

29,469 

532 

— 

P-3* 

23,265 

420 

— 

P-4 

28,519 

508 

— 

P-5 

29,469 

465 

— 

22-13* 

44,204 

820 

— 

Recovery 

Average 

29,967 

530 

Total 

Average 

33,213 

587 

*Erratic  recovery  measurements  -  results  questionable. 

4.3«4.3  Conclusions.  The  pump  test  results  indicate 
that  the  thin  portion  of  the  aquifer  along  the  northeast  half  of  the  proposed 
containment  system  is  only  about  half  as  permeable  as  the  thick  portion  of 
the  aquifer  along  the  southwest  half.  The  specific  yield  values  from  both 
tests  indicate  that  the  aquifer  is  unconflned. 
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4.3.4.4  Well  Efficiency  Testa  la  Wells  W-1  and  W-3. 
Wells  W— 1  ijTiH  w-3  were  installed  to  conduct  well  efficiency  tests.  The  wells 
were  installed  under  contract  by  Caissons  Drilling,  Inc.  Both  wells  are 
constructed  out  of  12-inch  diameter,  schedule  80  PVC  pipe,  with  slotted 
schedule  80  PVC  pipe  for  screens.  The  screen  length  in  both  wells  is  19 
feet.  The  borings  for  the  wells  are  36  inches  in  diameter  and  were  drilled 
with  a  36-inch  diameter  auger.  The  annular  space  around  the  screens  is 
backfilled  with  washed  pea  gravel.  Pive  piezometers  were  installed  in  each 
well  boring;  one  inside  the  well,  one  just  outside  the  well  casing,  and  three 
in  the  gravel  pack.  The  two  wells  are  essentially  the  same  except  for  the 
slot  size  of  the  screens.'  W-1  had  a  .04^inch  slot  size  with  approximately 
43  square  Inches  of  opening  per  linear  foot  of  screen.  W— 3  had  a  .020— inch 
slot  size  with  approximately  16  square  inch  of  opening  per  linear  foot  of 
screen.  Both  wells  were  pumped  at  approximately  150  gpm  and  water  levels 
monitored  in  the  piezometers.  W-3  could  not  sustain  this  pumping  rate  so  it 
was  reduced  to  100  gpm.  The  basic  conclusions  from  these  tests  was  that  W-3 
was  highly  inefficient,  even  at  the  100  gpm  pumping  rate.  W-1  appeared  to  be 
fairly  efficient  at  150  gpm.  The  gravel  pack  appeared  efficient,  but  only 
after  development. 

5.  GBOOHD  WATgR  CQWTAMIHATION. 

5.1  DBC?.  Chemical  contamination  of  the  alluvial  aquifer  ground 
water  was  investigated  using  ground  water  chemical  analyses  provided  by  BMA. 

purpose  of  developing  contours  of  present  contamination  levels  approx¬ 
imately  40  monitor  wells  were  sampled  and  tested  in  the  spring  of  1982. 
Water  samples  were  collected  and  tested  by  KMA  personnel.  Major- emphasis  was 
placed  on  developing  contours  representative  of  present  contamination  levels. 
.Past  data  was  not  used  in  defining  the  DBCP  plume.  The  DBC?  plume  enters  the 
study  area  beneath  the  southeastern  quarter  of  Section  27  where  the  plume 
follows  the  northwest- trending  deep  ’’gully"  onto  Bench  II  (see  sheet  C-16). 
Recent  concentrations  range  up  to  0.9  ppb  in  this  area.  Definition  of  the 
plume  is  complicated  in  the  alluvium  over  Bench  II  due  to  the  complex  hydrol¬ 
ogy  of  narrow,  thin,  bifurcating  possible  flowpaths.  The  plume  is  recognized 
again  flowing  on  the  extreme  eastern  side  of  the  large  paleochannel .  The 
plume  "hugs"  the  boundary  between  the  paleochannel  and  the  unsaturated  zone 
to  the  east.  The  plume  is  apparently  pushed  against  the  edge  of  the  sat¬ 
urated  alluvium  by  the  north-northwestward  ground  water  flow  in  the  paleo¬ 
channel.  The  plume  flows  in  alluvium  with  a  relatively  low  saturated 
thickness  and  maintains  concentrations  of  up  to  0.63  ppb.  Any  diffusion  of 
the  contaminant  toward  the  deeper  parts  of  the  paleochannel  may  be  diluted  to 
less  than  0.2  ppb  by  the  influx  of  relatively  uncontaminated  water  from  the 
south.  Thus,  the  plume  is  held  to  a  relatively  narrow  band.  The  plume  exits 
the  arsenal  in  Section  22  by  turning  sharply  to  the  northwest  over  Bench  I. 
Concentrations  at  the  boundary  range  up  to  0.4  ppb.  Past  contamination 
levels  in  wells  penetrating  alluvium  over  Bench  I  reveal  that  there  can  be  a 
wide  lateral  variation  (1,000  foot)  in  the  plume  path  at  the  boundary. 
However,  records  also  imply  that  the  plume  path  is  relatively  constant 
(except ’possibly  as  it  travels  over  Bench  II). 
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5.2  QTHgg  COWTAJfrwAMTS .  Chloride  contamination  closely  follows  the 
pattern  for  DBCP.  Chloride  concentrations  of  700-1100  ppm  correlate  well 
with  any  DBCP  concentrations  above  0.2  ppb.  Other  areas  in  eastern  Section 
22  have  anomalous  chloride  concentrations  (800  ppm)  which  are  not  associated 
with  high  DBCP  concentrations.  The  source  of  the  chloride  is  probably  the 
Basin  "F"  area.  The  contaminated  ground  water  flows  down  off  of  Bench  III 
into  the  small  north-trending  filled  “gully"  incised  in  Bench  II  beneath  the 
eastern  part  of  Sections  22  and  27.  It  follows  this  to  its  confluence  with 
the  large  paleochannel  near  the  boundary.  Basin  "F"  also  contributes 
chloride  contamination  to  the  ground  water  flowing  westward  over  Bench  II  in 
the  vicinity  of  the  DBCP  plume.  DIMP  and  DCPD  contamination  levels  in  the 
study  area  are  generally  below  maximum  tolerance  levels.  Flourlde  contam¬ 
ination  is  widespread  in  the  study  area.  Concentrations  range  up  to  5.3  ppm. 
One  source  of  flouride  contamination  is  probably  Basin  "F."  High  concen¬ 
trations  (3-5.5  mg/1)  extend  down-gradient  from  Bench  III  in  the  area  of 
Basin  "F"  to  the  large  paleochannel  via  several  paths  over  Benches  II  and  I. 
High  concentrations  (72  ppm)  of  flouride  in  wells  DH82-41  and  27-41  in  the 
southern  part  of  the  study  area  may  be  associated  with  other  sources. 

6.  COHTAISMEHT  SYSTEM. 

6.1  CBTnntTA.  The  containment/treatment  system  at  the  northwest 
botindary  is  designed  to:  (1)  prevent  off-post  migration  of  ground  water 
contaminated  with  DBCP  above  state  drinking  water  standards  (0.2ppb);  (2) 
dishcarge  ground  water  from  the  alluvial  aquifer  contaminated  with  DBCP  (+0.2 
ppb);  (3)  treat  the  water  to  remove  DBCP  to  within  drinking  water  standards; 
and  (4)  reinject  the  treated  water  with  minimal  disruption  of  the  ground 
water  flow  off  the  arsenal. 

6.2  Design  Concept.  Ground  water  containment  will  be  achieved  by 

constructing  a  combination  hydraulic  barrier/ slurry  cutoff  wall  across  the 
portion  of  the  aquifer  where  ground  water  contaminated  with  DBCP,  in  excess 
of  0.2  ppb,  has  historically  and  is  presently  migrating  off  the  arsenal.  The 
hydraulic  barrier  shall  be  constructed  along  the  southwest  half  of  the  con¬ 
tainment  system  where  the  aquifer  is  thick.  The  hydraulic  barrier  shall 

consist  of  two  parallel  lines  of  wells:  one  line  of  discharge  wells;  and  one 

line  of  recharge  wells.  The  bentonite  slurry  cutoff  wall  shall  be  con¬ 
structed  aloi^  the  northeast  half  of  the  system  where  the  aquifer  is  rela¬ 
tively  thin.  The  discharge  well  line/slurry  cutoff  wall  shall  be  located  800 
feet  inside  and  parallel  to  the  northwest  boundary,  in  the  south  half  of 
Section  22.  The  line  of  recharge  wells  shall  be  located  200  feet  inside  the 
boundary,  also  in  the  south  half  of  Section  22.  Refer  to  sheet  C-6  for 

location  and  layout  of  the  containment  system.  Originally,  the  design 
concept  for  the  containment  system  was  a  total  hydraulic  barrier.  However, 
the  thin  saturated  thickness  and  low  permeability  of  the  aquifer  along  the 
northeast  half  of  the  system  made  a  hydraulic  barrier,  along  this  reach, 

economically  and  ’  operationally  undesirable.  It  was  calculated  that  the 
niATeiimim  well  Spacing  would  be  50  feet,  reqtiiring  at  least  24  wells  to 
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adequately  dewater  this  1,150-foot  long  reach.  In  addition,  RMA  criteria 
called  for  1.2  recharge  wells  for  each  discharge  well,  thus  requiring  29 
recharge  wells.  This  criteria  was  later  relaxed.  Operation  of  a  system 

containing  so  many  wells  would  be  quite  complex.  Water  levels  would  have  to 
be  monitored  daily,  balancing  the  flows  to  maintain  ground  water  gradient 
reversal  would  require  numerous  adjustments,  and  seasonal  changes  in  ground 
water  levels  would  require  total  system  adjustment.  Also,  considerable  mainr 
tenance  could  be  expected  because  of  the  number  of  pumps  and  wells  involved. 
Because  o'f  the  high  cost  and  complex  operation  for  all  these  wells,,  a 

decision  was  made  to  investigate  the  possibility  and  costs  of  containing  the 
ground  water  flow  in  the  thin  aquifer  with  a  slurry  trench  cutoff  wall 

instead  of  wells.  A  cost  estimate  was  prepared  for  a  combined  hydraulic 

barrier/ slurry  trench  cutoff  wall  system*  and  found  the  cost  to  be  compatible' 
with  a  total  hydraulic  barrier.  As  a  result,  the  slurry  trench  cutoff  wall 
was  selected  to  contain  the  ground  water  flow  in  the  thin  aquifer  because  it 
offers  several  advantages  over  the  hydraulic  barrier.  Advantages  of  the 
slurry  trench  cutoff  wall  are: 

6.2.1  Less  maintenance  time  and  costs,  due  to  the  reduced 
number  of  wells  and  pumps.  Less  shut  down  time  for  well  malntei^nce. 

6.2.2  Asstires  positive  cutoff  in  an  area  with  complex  - 

hydrology. 

6.2.3  Less  complex  operation. 

6.2.4  Seasonal  variations  in  ground  water  level  will  have  less 
effect  on  system  operation. 

6.2.5  Less  operating  cost. 

In  order  to  assure  the  DBG?  plume  is  entirely  intercepted,  a  2,350-foot 
long  system  is  required.  The  dlshcarge  line/slurry  cutoff  wall  shall  consist 
of  a  900-foot  long  reach  of  wells  and  a  1,425-foot  long  slurry  wall.  The 
recharge  line  shall  consist  of  21  wells  along  a  2,090-foot  long  reach. 

6.3  Site  Selection.  Originally  there  were  several  proposed  locations 
for  the  containment  system.  As  the  drilling  program  progressed,  it  became 
apparent  that  more  favorable  subsurface  conditions  exist  closer  to  the 
boundary.  Moving  northwest,  away  from  the.  bedrock  bench  situated  approx¬ 
imately  1,600  feet  inside  and  roughly  parallel  to  the  boundary,  the  geology 
and  hydrology  is  more  conducive  to  operation  of  the  containment  system. 
There  is  greater  saturated  thickness  and  less  bedrock  influence  on  ground 
water  flow.  Therefore,  the  final  containment  system  location  is  as  close  to 
the  boundary  as  practical.  This  location  provides'  several  advantages  over 
any  other  site  coxisidered.  Some  of  the  advantages  are  as  follows: 

-  6.3.1  Ground  water  flow  in  this  area  is  nearly  perpendicular  to 
the  boundary  and  the  containment  system.  This  allows  the  DBG?  plume  to  be 
intercepted  with  a  shorter  system.  Review  of  the  ground  water  and  bedrock 
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plans  indicates  that  a  sjstem  located  further  inside  the  boundary  would  be 
nearly  parallel  to  the  ground  water  flow  and  the  plume.  This  would  require 
the  system  to  be  an  additional  1,000  feet  in  length,  to  assure  the  entire 
plume  is  intercepted. 

6.3.2  The  saturated  thickness  increases  closer  to  the  boundary. 
As  a  result,  the  length  of  the  slurry  cutoff  wall  is  less,  because  there  is 
less  thin  aqxiifer  to  cutoff. 

6.3*3  There  is  a  fairly  extensive  network  of  existing 
monitoring  wells  in  this  area.  These  wells  can  be  used  to  monitor  the 
system,  eliminating  the  need  to  construct  new  monitor  wells.  There  is  a  row' 
of  monitor  wells  along  the  boundary  that  can  be  used  to  monitor  water  quality 
and  levels  down~*gradlent  of  the  recharge  line.  There  is  also  a  row  of 
monitor  wells  that  fall  approximately  mid-way  between  the  discharge  line/ 
slurry  wall  and  the  recharge  line.  These  will  provide  water  quality  and 
levels  within  the  system.  Several  monitor  wells  are  located  up-gradient  of 
the  dishcarge  line/slurry  wall  to  provide  ground  water  data  prior  to  entering 
the  containment  system. 

6.3.4  Contains  more  contaminated  ground  water  initially.  By 
moving  the  barrier  close  to  the  boundary,  there  is  less  contaminated  ground 
water  between  the  system  and  the  boundary  to  flow  off  the*  arsenal  after 
startup. 


6*3*5  The  bedrock  high  in  the  vicinity  of  boring  DH82-8A 
provides  a  place  to  tie  the  northeast  end  of  the  cutoff  wall  into. 

6*3*6  Low  ground  water  gradient.  Reversal  can  be  achieved  with 
minimum  drawdown  and  mounding. 

6*3*7  Good  contaminant  data  because  of  all  the  monitoring  wells 
in  this  area. 

6*4*  COMPOTER  MODEL.  A  finite-difference  computer  model  simulating 
ground  water  flow  in  the  Northwest  Boundary  Area  and  the  effects  of  different 
pumpi:^  schemes  was  developed  under  contract  by  Woodward-Clyde  Consultants. 
Details  concerning  the  computer  model  are  presented  in  Woodward-Clyde  Con¬ 
sultants'  report  "Ground  Water  Modeling  Phase  2,  Northwest  Boundary  Con¬ 
tainment  System,  PN-37,”  Rocky  Mountain  Arsenal,  Denver,  Co.,  August,  1982. 
This  model  was  later  modified  by  the  Omaha  District  Corps  of  Engineers  to 
simulate  a  combination  hydraulic  barrier/ slurry  cutoff  wall  system.  The 
model  was  used  to  support  the  design  of  the  containment  system.  Details  on 
the  model  including  different  simulations  can  be  found  in  Appendix _ . 
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6«5*  BARRX]S&« 


6*5«1  Criteria* 

6.5. 1.1  Develop  a  900-foot  long  hydraulic  barrier  to 
contain  ground  water  flow  throu^  the  thick  portion  of  the  alluvial  aquifer 
and  to  intercept  any  flow  originating  upgradient  of  the  slurry  cutoff  wall. 

6.3. 1.2  A  hydraulic  barrier  shall  be  achieved  by 
constructing  a  line  of  discharge  wells  and  a  line  of  recharge  wells.  The 
ground  water  shall  be  discharged  through  the  line  of  discharge  wells,  piped 
through  a  treatment  building  to  remove  organic  contaminants  to  within  state 
water  standards,  and  injected  back  into  the  aquifer  the  line  of  recharge 

wells. 


6. 5. 1.3  The  hydraulic  barrier  will  extend  southwest 
from  the  end  of  the  slurry  cutoff  ■  wall  to  a  point  in  the  aquifer  that 
historically  had  DBCP  levels  below  state  water  standards. 

6.5.2  Design.  The  design  of  the  Northwest  Boundary  hydraulic 
barrier  is  based  on  the  hydrologic  characteristics  of  the  alluvial  aquifer. 
A  barrier  shall  be  achieved  by  discharging  and  injecting  sufficient  quanr 
of  water  to  reverse  the  ground  water  gradient  (flow)  between  the  two 
well  lines,  thereby  preventing  any  migration  of  contaminants  off  the  arsenal. 

6.5.2.1  Length.  The  proposed  length  of  the  hydraulic 
barrier  is  900  feet.  This  length  was  determined  by  locating  tte’  DBCP  plume 
(see  sheet  C-16)  and  extending  the  Une  of  wells  a  sufficient  distance  to 
either  side  of  the  plume  to  assure  the  entire  plume  is  intercepted.  Also, 
the  aquifer  thickness  along  the  discharge  line  was  determined  so  wells  could 
be  located  in  areas  that  have  sufficient  saturated  thickness  to  assure 
adequate  pumping  rates  can  be  sustained. 

6.5.2.2  Well  IJ.ne  Spacing.  The  selected  distance 
between  the  discharge  and  recharge  well  lines  is  600  feet.  Based  a  ground 
water  gradletit  across  the  systeni  of  *003  £t*/ftep  the  head  between  the  well 
lines  drops  1.8  feet.  This  is  the  maxlimxm  head  difference  that  must  be 
overcome  to  achieve  gradient  reversal .  Well  line  spacing  greater  than  600 
feet  increases  the  head  differences  thereby  requiring  substantially  higher 
pumpi:^  rates  to  achieve  reversal.  Well  line  spacing  closer  than  600  feet 
increases  recirculation  to  an  undesirable  percentage.  Computer  modeling  of 
various  well  Une  spacings  confirms  that  600  feet  between  the  well  Unes  is 
the  most  efficient  system.  For  more  detailed  information  concerning  well 
line  spacing  and  recirculation  refer  to  Woodward-Clyde  Consultants’  report 
"Ground  Water  Modeling  Phase  2,  Northwest  Boundary  Containment  System, 
PN-37  "  August  1982.  The  distance  between  well  Unes  is  also  an  important 
factor  for  the  period  of  time  the  entire  system  can  be  shut  down  before 
contaminants  pass  through  the  system.  The  calculated  shutdown  times  for  the 
600  foot  well  Une  spacing  is  as  follows: 
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Continuous  Pumping  Period  Prior 
_ to  Shutdown  (days) _ 


Mavt  mum  Allowable 
Down  Time  (days) 


7 

30 

96 

180 

365 


0 

0 

17 

69 

69 


6.5.2.3  Well  Depths*  .  Discharge  and  recharge  well 
depths  were  determined  by  interpreting  bedrock-alluvium  contacts  from 
exploratory  borings.  Discharge  wells  shall  be  drilled  through  the  alluvi^ 
and  10  feet  into  bedrock.  Discharge  well  depths  will  vary  from  approximately 
70  feet  to  approximately  5A  feet.  Recharge  wells  will  be  drilled  through  the 
alluvium  and  5  feet  into  bedrock.  Recharge  well  depths  will  vary  between 
approximately  60  and  48  feet. 


6.5.2.4  Well  Spacing.  The  discharge  wells  will  be 
spaced  every  100-feet.  A  100-foot  spacing  was  selected  for  two  reasons,  (1) 
sufficient  drawdown  can  be  achieved  midway  between  the  wells  at  moderate 
pumping  .rates;  and  (2)  this  spacing  insures  no  contaminant  leakage  occurs  in 
the  event  of  a  single  pump  outage.  If  a  pump  outage  does  occur,  the  pumping 
races  in  adjacent  wells  can  be  increased  to  prevent  contaminant  leakage. 
Although  greater  well  spacing  and  higher  pumping  rates  may  provide  Che 
necessary  drawdown,  it  will  be  difficult  to  sustain  these  higher  pumping 
rates.  Additionally,  in  the  event  of  a  single  pump  outage,  Che  greater  gap 
between  pumping  wells  will  provide  a  path  for  contaminant  leakage.  Based  on 
RMA  criteria,  1.2  recharge  wells  shall  be  provided  for  each  discharge  well, 
■jhe  recharge  wells  shall  be  spaced  every  80  feet.  This  spacing  allows  for 
the  recharge  Une  (with  the  1.2  recharge/discharge  ratio)  to  occupy 
approximately  the  same  lateral  distance  as  the  discharge  line. 


6.5.2«5  Pumping  Rates.  The  startup  pumping  rate  for 
the  hydraulic  barrier  shall  be  100  gpm  per  well,  or  1,000  gpm  for  the  total 
discharge  line.  This  rate  was  established  by  calculating  the  amount  of 
drawdown  necessary  to  reverse  the  ground  water  gradient  between  the  two  lines 
of  wells.  As  indicated  previously,  the  head  difference  between  the  two  well 
is  approximately  1.8  feet.  Therefore,  drawdown  along  the  discharge 
line  and  mounding  along  the  recharge  line  must  combine  to  exceed  1.8  feet. 
However,  to  provide  a  safety  factor  it  is  desirable  to  attain  the  necessa^ 
reversal  in  gradient  solely  by  drawdown  along  the  discharge  line.  For  this 
reason,  a  pumping  rate  that  will  provide  at  least  1.8  feet  of  drawdown 
between  discharge  wells  was  the  selected  design  criteria.  Drawdowns  along 
the  discharge  line  were  calculated  using  the  Huskat  equation  for  a  well 
discharging  from  an  aquifer  bounded  by  a  finite  line  source  as  presented  in 
uses  Water  Supply  Paper  1545-C,  1963,  "Shortcuts  and  Special  Problems  in 
Aquifer  Tests."  The  Muskat  equation  for  a  finite  line  source  was  selected 
because  it  closely  resembles  the  actual  conditions  once  the  hydraulic  barrier 
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is  in  operation,  i.e.,  the  recharge  line  represents  a  finite  line  source. 
Using  100  gpm  discharge  rate  for  each  well,  drawdown  vs.  distance  for  each 
well  was  determined.  After  calculating  total  well  inference,  drawdowns  in 
excess  of  2—feet  can  be  expected  nid“way  between  discharge  wells.  See 
Appendix  ______  for  calculations  using  the  Muskat  equation.  This  amount  of 

drawdown,  combined  with  mounding  along  the  recharge  line,  will  provide  a 
sufficient  safety  factor  (SF  ■  1*6)  in  the  system  design.  Computer  modeling 
indicates  moionding  along  the  recharge  line  will  be  about  1  foot.  Treated 
water  will  be  divided  equally  among  the  recharge  wells,  which  equals  approx¬ 
imately  80  gpm  per  well.  Computer  modeling  and  hand  calcxilatlons  Indicate 
this  system  will  function  satisfactorily  with  these  pumping  rates.  After 
system  startup,  if  field  monitoring  indicates  results  different  from  design 
calculations,  adjustments  in  pumping  rates  can  be  made.  Since  the  discharge 
rates  may  have  to  be  adjusted  during  operation,  each  well  pump  is  designed  to 
have  a  discharge  capability  of  +30  percent  of  the  design  value  of  the  well. 
Pumping  flexibility  will  also  allow  for  increasing  individual  pumping  rates 
in  the  event  of  a  pump  shutdown  for  maintenance  or  failure  or  for  increasing 
the  ptimping  rate  of  the  entire  system  if  the  water  table  rises. 

6.5.3  Well  Construction  and  Materials.  Screen  lengths  and 
placements,  and  well  depths  were  determined  by  constructing  geologic  profiles 
aloi^  the  dewatering  and  recharge  alignments  and  interpreting  bedrock  con¬ 
tacts  and  aquifer  thickness  from  adjacent  boreholes.  Screen  ‘slot  size  and 
gravel  pack  gradation  were  determined  from  the  grain  size  distribution  of  the 

aquifer  material.  Grain  size  analyses  are  presented  in  Appendix _ .  Well 

details  are  presented  on  sheet  C-17. 

6.5.3.1  Discharge  Wells.  Discharge  wella  shall  be  8 
-inches  in  diameter.  The  casing  and  tail  pipe  shall  be  constructed  of  black 
steel,  with  a  wall  thickness  of  0.33  inch.  The  screen  shall  be  manufactured 
entirely  from  stainless  steel.  Well  screens  shall  be  the  continuous  slot 
vije  vound,  nonclogging  type  with  a  .080— inch  slot  size.  Stainless  steel  is 
selected  because  of  its  high  strength  and  corrosion  resistance.  The  screens 
shall  be  the  continuous  slot  wire  wound  type,  because  this  design  offers  the 
tnq■g^ nwnn  Open  area  per  linear  foot  of  screen  length.  The  nonclogging  type 
slot  (widening  inward)  is  essential  to  minimize  clogging  during  development 
and  pumping.  The  continuous  slot  wire  wound  design  coupled  with  the  non- 
clogging  type  slot  will  result  in  the  most  efficient  well.  Boreholes  for  the 
construction  of  dewatering  wells  will  be  16  to  18  inches  in  diameter,  which 
allows  for  a  3-1/2  to  4-1/2-inch  gravel  pack  around  the  screen.  The  holes 
shall  be  drilled  eleven  (11)  feet  into  bedrock.  The  bedrock  portion  of  the 
hole  shall  be  cased  to  act  as  a  tailpipe.  Discharge  wells  shall  be  screened 
from  1-foot  below  top  of  bedrock  to  about  2  feet  below  the  top  of  the  sand 

and  gravel  aquifer. 
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6.5. 3. 2  Recharge  Wells*  Recharge  wells  shall  be 
12  inches  in  diameter.  They  shall  be  constructed  with  black  steel  casings 
and  stainless  steel  continuous  slot  wire  wound,  nonclogging  screexis,  with 
.080-inch  slot  size.  The  boreholes  for  construction  of  the  recharge  wells 
shall  be  24  inches  in  diameter,  allowing  room  for  a  5-1/2-inch  thick  gravel 
pack  around  the  screen.  Holes  shall  be  drilled  5  feet  Into  bedrock  with  that 
portion  of  the  hole  cased  to  provided  a  tailpipe.  Recharge  wells  shall  be 
screened  for  nearly  the  entire  thickness  of  the  alluvial  aquifer,  regardless 
of  the  thickness  of  the  saturated  zone.  Uhsaturated  screened  portions  may 
present  development  problems.  It  is  anticipated  that  jetting  with  water  will 
be  necessary  for  developing  the  portions  of  the  screens  above  the  saturated 
zone. 


6*5«3«3  Tailpipes*  Tailpipes  are  Included  in  the 
design  of  both  the  recharge  and  discharge  wells,  because  this  allows  for  full 
development  of  the  screen  and  the  screened  portion  of  the  aquifer.  This  is 
especially  important  in  the  zone  just  above  the  bedrock— alluvium  contact 
because  this  is  often  the  moat  permeable  zone  of  the  alluvial  aquifer.  The 
tailpipes  in  the  discharge  wells  are  longer  because  they  will  also  serve  as 
the  pump  housing. 


6.5.3.4  Drilling.  All  wells  shall  be  drilled  by  the 
reverse  rotary  method.  Only  water  will  be  used  as  the  drilling  fluid. 
Bentonite  will  not  be  permitted.  Water  used  for  drilling  shall  be  clean  and 
uncontaminated.  RMA  personnel  Indicate  a  clean  water  source  is  available 
near  Basin  F  from  a  2-inch  water  supply  line. 

6.5.3.5  Gravel  Rack  Design.  Sieve  analyses  were  run  on 
representative  samples  of  the  aquifer  material  taken  from  the  borings  drilled 
along  the  proposed  alinement  of  the  recharge  and  discharge  lines.  Fifty 
samples  from  22  borings  were  analyzed.  The  Soil  Classificatioa  Record  Sheets 
showing  the  laboratory  classification  of  all  the  samples  are  in  Appendix  A. 
Gradation  curve  analyses  were  made  on  representative  samples  by  the  MRD  Labo¬ 
ratory.  These  results  are  shown  on  the  Soil  Classification  Record  Sheets. 
Gradation  curves  for  the  remaining  samples  are  in  Appendix  A. 

Due  to  the  large  number  of  gravel  packed  wells,  an  average  gravel  pack 
material  had  to  be  chosen.  The  average  30  percent  (passing)  size  was  deter¬ 
mined  from  all  the  samples  to  be  0.56  millimeters  (mm).  This  number  was 
multiplied  by  5  to  determine  a  30  percent  size  for  the  gravel  pack.  A  smooth 
curve  with  a  uniformity  coefficient  of  two  was  drawn  through  the  30  percent 
size  plotted  on  a  gradation  curve  graph.  Sieve  sizes  were  picked  to  cover 
the  spread  of  the  curve  and  a  range  of  8  percent  above  and  below  the  percent 
passed  at  each  sieve  size  point  was  chosen. 

The  slot  size  for  the  screen  0.080  inches  (80  slot),  was  chosen  to  pass 
only  10  percent  of  the  gravel  pack  material.  The  calculations  and  graphs  are 
in  Appendix _ .  The  gradation  of  the  gravel  pack  is  as  follows: 
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U.S.  sieve  Size 


Z  Passing 


3/8"  100 
4  87-100 


6 


67-83 


8  .  7r23 

10  0-15 

In  Grormd  water  and  Wells  by  Johnson  Division,  UOP  Inc. ,  it  is  suggested 
that  in  highly  nonunifona  formations  with  silt,  such  as  that  at  RMA,  the  30 
percent  size  should  be  multiplied  by  6  and  by  9  to  obtain  two  curves  with  low 
uniformity  coefficients,  and  the  gravel  pack  material  is  chosen  from  between 
these  two  curves.  However,  in  this  case,  where  one  gravel  pack  was  chosen 
for  a  large  number  of  wells,  a  slightly  more  conservative  approach,  as 
described  before,  was  taken. 

Colorado  Silica  Sand  has  indicated  that  they  would  be  able  to  provide  a 
gravel  pack  with  the  following  gradaton: 


Sieve  Size 
3/8 
4 
6 
8 

10 


1  Passing 
100 

90-100 
70-  85 
10-  20 
0-  10 


6.5.3.6  Dialnfeetlon.  All  wells  shall  be  thoroughly 
disinfected  upon  completion.  Disinfection  shall  be  accomplished  in  such  a 
manner  to  insure  a  1,000  ppm  available  chlorine  solution  is  uniformly  applied 
throughout  the  entire  depth  of  the  well. 

6.6.  SLDBKI  TRCTCH  CHTOTF  WALL. 

6.6.1  Criteria 


6.6.1.1  Develop  a  1,425  foot  long  slurry-cutoff  wall  to 
provide  an  impermeable  barrier  which  will  prevent  ground  water  migration 
through  the  thin  portion  of  the  alluvial  aqxiifer. 
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6.6.1.2  The  trench  for  the  cutoff  wall  will  be 
excavated  through  the  alluvial  aquifer  and  Into  the  Denver  Formation 
(bedrock).  The  trendi  will  also  be  excavated  through  any  Denver  satidstone 
units  In  contact  with  the  overlying  alluvium. 

6«6*1*3  The  cutoff  wall  will  be  constructed  by 
excavating  a  bentonite  slurry  trench  which  will  be  backfilled  with  a  mixture 
of  select  backfill  and  bentonite. 

■  6*6*1*4  Several  discharge  wells  will  be  placed 
upgradient  from  the  wall  to. prevent  excessive  head  build-up. 

6*6*1«5  Several  recharge  wells  will  be  placed 
downgradlent  from  the  wall  to  maintain  uninterrupted  ground  water  flow  off 
the  arsenal  and  to  prevent  excessive  head  differences  across  the  wall. 

The  cutoff  wall  will  tie  into  a  bedrock  high  on 
the  northeast  end.  The  southwest  end  will  be  open-ended,  directing  ground 
water  flow  to  the  discharge  well  line. 

6*6«2  Design.  The  design  of  the  Northwest  Boundary  slurry 
cutoff  wall  Is  primarily  based  on  the  slurry  wall  at  the  north  boundary.  The 
satisfactory  performance  of  the  north  boundary  slurry  wall  Indicates  It  was 
suitably  designed  and  constructed  for  the  subsurface  conditions  encountered 
at  the  arsenal.  The  cutoff  wall  will  be  constructed  by  excavating  a  benton¬ 
ite  slurry  trench  which  will  be  backfilled  with  suitable  material  mixed  with 
bentonite  clay  to  form  a  near  Impermeable  barrier  through  the~  alluvium  and 
Into  the  Denver  Formation.  The  cutoff  wall  will  penetrate  .shallow  Denver 
sandstones  In  contact  with  the  alluvial  aquifer  at  the  barrier.  Addition¬ 
ally,  the  cutoff  wall  will  penetrate  weathered,  fractured  shales  to  prevent 
fracture  flow  under  the  wall.  Any  sandstone  units  encountered  below  the 
alluvium  will  be  removed.  One  such  sandstone  unit  is  known  to  exist  In  the 
vicinity  of  well  number  W-5.  This  unit  Is  approximately  lO-feet  thick.  The 
slurry  trench  depth  has  been  determined  by  constructing  a  geologic  profile 
along  the  trench  alignment  and  Interpreting  bedrock  contacts  and  alluvium 
thickness  from  adjacent  boreholes.  Based  on  this  profile,  the  average  depth 
of  the  trench  will  be  approximately  52-feet,  with  a  maximum  depth  of  about  60 
feet  and  a  minimum  depth  of  about  40  feet. 

6.6*2.1  Length.  The  length  of  the  slurry  cutoff  wall 
is  1,425  feet.  This  length  Is  designed  to  cut  off  the  aquifer  In  the  area 
where  the  saturated  thickness  is  less  than  lO-feet.  The  northeast  end  is 
fixed  because  of  the  bedrock  hi^  In  the  vicinity  of  boring  DH82-8A.  The 
southwest  end  terminates  at  a  location  where  the  saturated  thickness  exceeds 
10-feet. 


6.6.2.2  Width.  The  minimum  width  of  the  slurry  cutoff 
trench  will  be  30  Inches.  This  width  was  selected  for  the  following  reasons: 
(I)  30-inch  width  Is  functioning  salsfactorlly  along  the  north  boundary;  (2) 
sufficient  width  to  assure  proper  backfilling,  minimizing  bridging  potential; 
(3)  provides  adequate  bedrock  contact  to  minimize  underseepage;  and  (4)  Is  a 
common  trench  width,  so  specialized  excavating  equipment  Is  not  necessary. 
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6.6.2.3  Depth.  To  assure  the  trench  bottom  is  in 
relatively  unfractured  and  unweathered  shale»  the  minimum  excavation  depth 
shall  be  5-feet  below  top  of  shale.  The  final  depth  will  be  based  on  field 
inspection  of  undisturbed  samples  taken  periodically  along  the  trench  bottom. 

6«6»2*4  Slurry.  The  slurry  used  in  the  trench  shall 
consist  of  a  uniform  mixture  of  high  swelling  sodium  base  bentonite  and 
water. 


6. 6.2.5  Backfill.  Backfill  material  before  blending 

shall  conform  to  the  following  gradation: 

Screen  Size  or  Number  Percent  Passing 

(U.S.  Standard)  by  Dry  Weight 


1-1/2-inch 

100 

3 /4-inch 

80-100 

No.  4 

50-100 

No.  30 

25-  70 

No.  200 

10-  35 

Blended  backfill  material  shall  be  composed  of  bentonite  slurry  and 
suitable  backfill  material  thoroughly  blended.  It  shall  have:  an  in-place 
permeability  of  approximately  10'  cm/ sec. 

6. 6. 2. 6  Bentonite.  Bentonite  used  is  the  slurry  and 
backfill  shall  be  an  ultrafine  sodium  cation-base  montmorillonite  powder 
(Wyoming-type  bentonite). 

6.6.3  Construction. 

6.6.3. 1  yTgt»aTation.  The  trench  shall  be  excavated  to 
the  full  depth  and  width  in  one  continuous  segment.  Excavation  shall  start 
at  one  end  and  continue  to  the  other  end  so  that  when  completed,  provides  a 
continuous  30-inch  wide  trench  to  the  required  depth.  Bentonite  slurry  shall 
be  Introduced  into  the  trench  at  the  time  excavation  begins.  The  level  of 
the  slurry  in  the  open  trench  shall  be  maintained  within  1  foot  of  the  top  of 
the  trench.  Most  of  the  material  to  be  excavated  from  the  trench  is  either 
fat  or  lean  clay.  Clay  is  not  a  suitable  backfill  material  because  it  is 
nearly  impossible  to  mix  with  the  bentonite  slurry.  Since  most  ■  of  the 
material  that  will  be  excavated  will  not  be  unsuitable  for  backfill,  all 
excavated  materials  shall  be  spoiled  in  an  approved  spoil  area.  It  is  not 
cost  effective  to  try  to  salvage  the  small  quantities  of  material’  that  may 
meet  the  backfill  gradation.  The  sandstone  unit  encountered  in  the  vicinity 
of  well  number  W-5  is  most  likely  too  hard  to  be  excavated  with  a  backhoe  or 
dragline.  It  is  anticipated  that  light  blasting  or  some  mechanical  means 
will  be  required  to  break  the  rock  prior  to  excavation.  . 
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6*6*3*2  Backfilling*  Backfill  shall  be  placed 
continuously  from  the  beginning  of  the  trench  in  the  direction  of  excavation 
to  the  end  of  the  trench.  Free  dropping  of  backfill  shall  not  be  permitted. 
It  shall  be  placed  by  lowering  it  to  the  bottom  of  the  trench  or  by  sliding 
it  down  a  previously  formed  slope.  Backfilling  operations  shall  lag  the 
trench  excavation  by  a  minimum  of  30  feet,  but  not  more  than  100  feet. 
Backfill  material  will  be  obtained  from  borrow  areas.  Calculations  indicate 
approximately  7,000  cubic  yards  of  borrow  will  be  required.  Investigations 
are  presently  underway  to  locate  suitable  borrow  areas  on  the  arsenal.  This 
will  be  completed  prior  to  advertising  the  contract.  If  a  suitable  borrow 
cannot  be  located  on  the  arsenal,  then  borrow  material  will  have  to  be 
obtained  off  the  arsenal. 

6.6*4  Discharge  and  Becharge  Wells  Adjacent  to  the  Slurry 

Cutoff  Wall. 

6.6.4.1  Discharge  gells.  Five  discharge  wells  shall  be 
situated  50  feet  upgradlent  from  the  cutoff  wall  to  prevent  excessive  head 
biilldup  along  the  wall.  The  well  spacing  varies,  refer  to  the  location  plan. 
The  start  up  piimping  rate  is  25  gpm  per  well,  which  should  closely  equal  the 
ground  water  fltix  through  this  area.  These  wells  will  be  constructed,  in  the 
same  manner  and  dimensions  as  the  discharge  wells  along  the  hydraulic  barrier 
portion  of  the  containment  system. 

6«6.4.2  Becharge  Wells.  Eight  recharge .  wells  will  be 
sitxiated  600  feet  down  gradient  of  the  cutoff  wall,  in  line  with  the 
hydraulic  barrier  recharge  wells.  These  will  be  spaced  every  150  feet.  The 
function  of  these  recharge  wells  is  to  maintain  ground  water  flow  off  the 
arsenal  and  to  prevent  excessive  head  differences  across  the  wall.  The  125 
gpm  discharged  upgradlent  of  the  cutoff  wall  will  be  proportioned  evenly 
among  the  eight  recharge  wells  requiring  each  well  to  inject  ..about  15  gpm. 
These  recharge  wells  shall  be  constructed  in  the  same  manner  and  dimensions 
as  the  recharge  wells  along  the  hydraulic  barrier  portion  of  the  containment 
system. 


6. 6.4.3  Like  the  hydraulic  barrier  wells,  discharge  and 
recharge  rates  may  have  to  be  adjusted  to  meet  field  conditions.  For  this 
reason,  these  discharge  wells  will  also  have  a  discharge  capability  of 
percent  of  the  design  value  of  the  well. 

7.  SOKTHHEST  BOUNDABI  MDHUORING  SYSTEM  CRirmiA. 

7.1  Monitoring  of  water  quality  and  water  levels  is  required  to  check 
the  effectiveness  of  the  Northwest  Boundary  Containment /Treatment  system  and 
to  provide  data  for  discharge,  treatment,  and  recharge  operations. 
Monitoring  is  required  both  onpost  and  offpost  in  the  Northwest  Boundary 
area. 


7.2  Periodic  water  quality  data  are  needed  to  determine  the  extent  of 
contamination  and  concentration  levels  flowing  to  the  containment  system  from 
upgradlent.  Similarly,  these  data  are  needed  downgradient  to  establish 
system  effectiveness. 
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7.3  Periodic  water  level  data  are  needed  to  demonstrate  the  degree  to 
which,  the  natural  flow  regime  is  disturbed  bj  barrier  operation,  both 
upgradient  and  downgradient  of  the  barrier.  Detailed  water  level  monitoring 
is  needed  within  and  around  the  containment  system  to  determine  if  the 
barrier  is  functioning  properly.  A  system  of  piezometers  will  be  installed 
to  serve  this  function. 

7.4  Water  quality  in  the  aquifer  above  the  bedrock  high  to  the  north 
of  the  barrier  needs  to  be  monitored  to  assure  no  contaminant  is  passing  by 
the  system. 

8.  MDNITOimiG  BELLS. 

8.1  Onpost.  Essentially  no  new  monitor  wells  are  proposed  to  monitor 
the  containment  system.  There  are  sufficient  existing  wells  to  adequately 
monitor  contaminant  concentrations  within,  upgradient  and  downgradient  of  the 
containment  system.  Any  monitoring  wells'  removed  or  damaged  during  construe- 
tlon  will  be  replaced.  Replacement  wells  will  be  constructed  as  near  as 
possible  to  the  abondoned  well.  Replacement  wells  will  be  constructed  in  a 
similar  manner  and  with  similar  materials  as  the  original  wells.  Two  new 
monitoring  wells  are  proposed  to  monitor  ground  water  quality  in  the  alluvium 
above  the  bedrock  high  to  the  north  of  the  system.  The  exact  locations  of 
these  wells  have  not  been  selected  as  of  this  writing,  but  will  be  Included 
in  the  contract  documents.  Monitor  wells  will  be  constructed  of  4-inch 
diameter,  schedule  80  PVC  pipe  with  treaded  couplings.  Screens  will  be 
slotted  (.040-inch  slot)  PVC  schedxile  80  pipe.  Drilling  these  wells  will  be 
in  accordance  with  the  drilling  procedures  specified  for  all  discharge  wells. 
Except  for  the  upper  10-feet,  the  annulus  around  the  PVC,  pipe  a^d  screen  will 

-be  backfilled  with  a  sand  and  gravel  formation  stabilizer.  The  upper  10-feet 
of  the  annular  space  will  be  filled  with  a  neat  cement  grout  to  form  a  seal 
against  infiltration  of  surface  water. 

8.2  Offpoat  Monitoring  Wells.  Eight  offpost  monitor  wells  are 
proposed  to  monitor  the  effect  of  the  containment/ treatment  system  on  the 
ground  water  flow  and  quality  off  the  arsenal.  For  this  reason,  these  wells 
should  be  installed  prior  to  construction  of  the  slurry  cutoff  wall  and  start¬ 
up  of  the  system.  The  proposed  well  locations  are  along  state  and  county 
road  right-of-ways  to  avoid  obtaining  right s-of-entry  to  private  property. 
The  proposed  locations  are  shown  in  figure  3.  Offpost  monitor  wells  shall  be 
constructed  of  the  same  materials  and  in  the  same  manner  as  the  onpost 
monitoring  wells  with  the  following  exceptions;  The  holes  shall  be  drilled 
utilizing  chum  drilling  methods  so  no  drilling  fluid  is  required;  and  a 
protective  steel  casing  with  a  locking  cap  will  be  installed  around  the  PVC 
pipe  stickup. 

8.3  Piezometers.  Sixteen  piezometers  will  be  Installed  within  the 
containment  system,  for  the  purpose  of  monitoring  water  levels  to  assure  the 
system  is  functioning  as  planned.  Piezometers  shall  be  constructed  of  2-inch 
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diameter  schedule  80  PVC  pipe  with  treaded  couplings.  The  locations  of  the 
piezometers  are  shown  on  sheets  C-7  through  C“ll*  For  details »  refer  to 
plate  C-17»  "Well  and  Piezometer  Details."  Piezometers  were  located  period¬ 
ically  along  the  discharge  line,  the  recharge  line,  and  on  both  sides  of  the 
slurry  cutoff  wall.  They  are  placed  in  such  a  fashion  that  when  they  are 
read,  together  with  existing  monitoring  wells,  will  provide  an  accurate 
profile  of  the  ground  water  gradient  throughout  the  system.  Examination  of 
the  gradient  within  the  system  will  show  how  well  the  system  is  functioning 
and  provide  data  for  system  adjustments.  The  holes  for  the  piezometers  shall 
be  drilled  with  a  hollow  stem  auger  of  sufficient  diameter  to  allow  proper 
placement  of  the  instrument,  formation  stabilizer,  and  grout  seal.  Since  no 
glue  is  being  used,  these  piezometers  can  also  be  used  as  monitoring  wells  if 
needed. 


CBAPTE&  II  -  &AHITAB.Y 


1.  GEHEBAL  PARAMETERS. 

1.1  PURPOSE,  TDHCnOH,  AHD  CAPACmZS  OP  THE  PACILITY.  The  purpose 
of  the  facility  was  to  remove  Nemagon  (DBCP)  contamination  from  the  ground 
water  crossing  Rocky  Mountain  Arsenal  without  altering  the  flow  beyond  the 
Arsenal  boundary.  Ground  water  is  pumped  from  a  row  of  15  discharge  wells, 
treated  by  carbon  absorption,  and  returned  through  recharge  wells  to  the 
aquifer.  The  estimated  ground  water  flux  at  the  hydraulic  barrier  was  1,500 
gallons  per  minute  at  tmtm  water  level.  The  design  of  the  pumps,  piping, 
and  treatment  system  was  based  on  a  peak  flow  of  1,500  gallons  per  minute. 

1.2  Personnel  is  shared  by  this  facility,  the  North  Boundary  project, 

the  "F"  project,  and  other  similar  pollution  abatement  systems. 

1.3  The  utilities  reqtiired  for  support  of  the  treatment  building  were 
included  in  this  design.  A  new  power  supply  was  brought  in  from  outside  the 
Arsenal.  Standby  power  was  required.  Potable  water lines  were  connected  to 
the  Arsenal  system  near  Lake  "F."  Domestic  sewage  is  treated  by  a  septic 
tank-absorption  field  system. 

2.  FUHCnONAT.  AMP  TRCHHICAL  REQOIREMESTS. 

2.1  Dewatering  and  Recharge  System. 

2.1.1  Design  capacity  of  the  dewatering  system,  the  treatment 
system,  and  the  recharge  system  must  be  eqtial  to  the  maximum  contaminated 

-water  flux  at  the  barrier  with  allowances  for  extraneous  flows  and  recir¬ 
culation.  The  estimated  capacity  was  1,500  gallons  per  minute. 

2.1.2  The  dewatering  system  consists  of  15  discharge  wells  with 
the  discharge  piping  from  each  well  connected  to  a  common  header.  Each  well 
contains  a  vertical  submersible  pump.  The  pxjaips  for  discharge  wells  (DW)  1 
through  10,  were  designed  for  a  maximum  and  average  flow  of  135  and  100 
gallons,  per  minute  respectively,  while  the  pumps  for  DW  11  through  DW  15  were 
desired  for  a  ma-artTmim  and  average  flow  of  30  and  25  gallons  per  minute. 
Control  of  discharge  well  pumping  consists  of  automatic  stop  and  start  on 
water  level.  A  high  water  level  alarm,  consisting  of  a  red  light  on  each 
well  control  stand,  was  provided  to  indicate  a  high  water  level  condition  due 
to  pump  failure.  A  valve  pit  located  near  each  well  contains  a  manually  con¬ 
trolled  back  pressure  valve,  to  control  the  rate  of  pumping  from  each  well, 
and  a  flow  meter  that  indicates  and  totalizes  the  flow  pumped  from  each  well. 
A  shutoff  valve  on  each  well  discharge  line  will  isolate  the  well  and  valve 
pit  from  the  rest  of  the  dewatering  system. 

2.1.3  Contaminated  water  pumped  from  the  discharge  wells  flows 
into  the  influent  stnap  from  where  it  is  pvmtped  into  the  treatment  building. 
Treated  water  is  discharged  into  the  effluent  sump  and  from  there  it  is 
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pumped  into  the  recharge  wells.  The  influent  and  effluent  pumping  systems 
consist  of  a  set  of  four  500  gallon  per  minute  pumps  In  each  sump.  The  sump 
ptsnps  operate  in  parallel  and  are  controlled  by  the  water  level  in  the  sumps. 
The  operation  of  three  500-  gpm  parallel  pumps  in  each  sump  allows  operation 
of  the  treatment  facility  at  Che  maximum,  average  and  minimum  anticipated 
flow  rates.  The  fourth  pump  In  each  set  was  provided  for  standby  operation. 
Automatic  start  upon  pump  failure  and  manual  alternation  was  provided. 

2.1.4  Treated  water  from  the  effluent  sump  Is  carried  through  a 
recharge  header  pipe  to  the  recharge  system.  The  recharge  system  consists  of 
a  row  of  21  recharge  wells.  A  valve  pit  and  a.  shutoff  valve  were  provided 
for  each  well.  The  valve  pit  contains  a  V-port  ball  valve  to  control  the 
flow  of  created  water  to  each  of  the  wells.  Valve  settings  are  manually 
adjustable  and  should  be  changed  for  seasonal  conditions.  A  flow  meter  was 
also  Included  In  each  valve  pit  to  Indicate  and  totalize  the  flow  Into  each 
well.  A  water  level  recorder  was  provided  near  each  well  to  monitor  and 
record  chaises  In  water  level.  A  high  water  level  alarm  consisting  of  a  red 
light  on  the  well  recorder  stand  was  also  provided.  It  Indicates  the  need  to 
manually  shutoff  the  well.  A  shutoff  valve  at  each  recharge  well  Influent 
line  Isolates  the  well  and  valve  pit  from  the  rest  of  the  recharge  system. 

2.2  SUPPOBl  UTILITIES. 

2.2.1  Potable  water  was  reqtiired  to  service  the  new  treatment 
building.  A  new  2'lnch  potable  waterline  was  connected  to  Che  Arsenal 
system,  near  Lake  '*?•'*  A  line  jj3,000  feet  long  was  required.  Head  losses  due 
to  pipe  friction  exceeded  the  head  regained  due  to  differences In  elevation. 
A  hydropneumatic  tank,  was  provided  Inside  the  treatment  building  for  water 
•  storage  and  pressure  Increases.  The  hydropneumatic  was  not  Included  In  this 
design. 


2.2.2  Domestic  sewage  from  the  treatment  building  Is  treated  by 
a  septic  tank-absorption  field  system.  Sewage  from  the  treatment  building  Is 
conveyed  by  gra-Tity  to  a  500  gallon  septic  tank  for  treatment.  Effluent  from 
the  tank  discharges  to  an  absorption  field  system  for  further  treatment  and 
Infiltration  Into  the  ground. 

2.2.3  Materials  and  Equipment.  Flow  meters  in  the  valve  pits 
displacement  type  requiring  no  electrical  connections.  Pipe  and  valves  In¬ 
side  the  valve  pits  are  metallic.  Plastic  pipe  was  used  for  all  burled  pipe 
to  reduce  pumping  cost  and  scale  problems. 

2.2.4  Pipe  Cover.  All  pressure  piping  was  provided  with  a 
minimum  cover  depth  of  5  feet  from  the  finished  grade  to  the  top  of  the  pipe 
to  prevent  freezing. 
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3. 


DBSICT  OBJECnVgS  ASP  PaOVISlOHS. 


3.1  The  travel  time  of  contaminated  water  toward  the  boundary  is 
slow,  approximately  3  feet  per  day.  Anticipated  maximum  duration  of  any 
power  outages  would  be  less  than  a  week;  with  contaminated  water  travel  in 
the  magnitude  of  10  feet.  Most  power  interruptions  are  less  than  an  hour. 
Water  levels  in  the  sumps  would  be  static  without  a  power  supply.  Controls 
and  water  meters  would  not  be  affected  by  a  loss  of  power.  Standby  power  was 
not  considered  to  be  necessary. 

3.2  The  major  pumping  eqtilpment  in  the  sumps  consists  of  four 
influent  pumps  in  parallel  and  four  effluent  pumps  in  parallel.  All  of  these 
pumps  have  equal  flow  capacity,  but  the  influent  and  effluent  head  require¬ 
ments  differ.  Three  pumps  will  handle  the  maximum  flow  on  either  influent  or 
effluent  side.  Only  one  pump  is  required  on  each  side  under  low  flow  con¬ 
ditions.  At  least  one  ptimp  will  be  spare  on  each  side  under  any  ground  water 

conditions. 

3.3  The  dewatering  system  does  not  have  standby  equipment  installed. 
Suitable  spare  pumps  were  provided  to  allow  quick  replacement  of  any  dis¬ 
charge  pump.  Manual  adjustment  of  the  back  pressure  valves  for  the  two 
adjacent  wells  will  allow  those  wells  to  compensate  for  the  out-of-service 
well  on  a  temporary  basis.  All  wells  were  designed  for  continuous  pumping 
during  high  ground  water  conditions  to  achieve  a  stable  hydraulic  gradient. 
At  lower  ground  water  levels,  wells  can  pump  continuously  at  lower  rates. 
Some  of  the  wells  can  be  taken  out  of  service  during  sustained  low  water 

level  conditions. 

3.4  Control  of  the  flow  pattern  requires  manual  adjustment  of  control 
valves  at  every  discharge  well  and  recharge  well.  Pressure  in  the  trans¬ 
mission  lines  will  be  maintained  at  a  pressure  adequate  to  provide  control  of 
waterflow  at  each  well  regardless  of  differences  in  elevation.  The  wells 
span  an  elevation  differential  of  approximately  ^  feet. 

4.  ffATmLATtOHS.  See  Appendix  C. 
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rHAT»TgR  ill  -  ELZCISIC^ 

^^CT^;_jAjLftMETERS.  This  design  Is  based  on,  but  not  limited  to  the 
following  publications,  codes,  specifications,  etc. 

1.1  National  Electrical  Code  NTPA  No.  70. 

1.2  Life  Safety  Code  NFPA  No.  101.  , 

1.3  National  Electrical  Safety  Code  (ANSI)  C2-1973  (The  above  code 
C2— 1973,  replaced  Handbooks  H30  and  81). 

1.4  Department  of  Defense  Construction  Criteria  Manual  DOD  4270.1. 

1.5  Project  Development  Booklet  (PDB). 

1.6  Criteria  furnished  by  Usii«  Service.- 

2.  SCOPE.  This  design  will  generally  consist  of  the  following  details. 

2.1  iHTraTQB.  OP  SUMP  AND  VALVE  HOUSINGS. 

2.1.1  Raceway  systems  arid  conductors. 

2.1.2  Power  systems  for  special  equipment  .  and  standard 

receptacles.  .  • 

2.2 

2.2.1  Primary  overhead  and  underground  distribution. 

2.2.2  Secondary  overhead  and  underground. 

3.  INTgMOR  TORE. 

3.1  BArmAV  STSTEM  will  be  as  follows; 

3.1.1  Intermediate  Metal  Conduit.  (IMC) 

3.1.2  Electric  Metallic  Tubing  (EMT). 

3.1.3  Rigid  Metal  Cotuiuit  (Heavy  Wall). 

3.1.4  Wireways. 

3.2  CONDUCTORS  design  will  be  based  on  copper. 
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3,2»1  Conductor  Identif jlcatloti  in  nniltiphase  systems  serving 
single-phase  loads  shall  be  color  coded.  The  color  of  the  instilation  of  the 
ungrounded  conductors  of  different  voltage  systems  shall  be  as  follows: 

277/480  volt,  3-phase:  yellow,  brown,  and  orange; 

120/240  volt,  single  phase:  red  and  black. 


Color  coding  is  not  required  for  3-phaae  loads. 

3.2.2  Wire  size  based  on  75*  C  Ampacity  Column. 

3.3  Receptacles  will  be  as  follows: 

Note:  See  Standard  Legend  Sheet  for  receptacle  description. 


3.3.1  Grounding  Type  15  Ampere,  125  volt,  three-wire. 

3.4  Wall  switches  will  be  rated  120  volt  15  ampere. 

3.5  Service  equipment  and  disconnecting  means  shall  be  of  the  fusible 
switch  type. 

3.6  Underground  service  to  the  wells  will  be  provided.  . 

3.7  Ground  Fault  Circuit  Interrupters  (Personnel  Protection  See  NEC 
210-8)  will  be  provided  as  follows: 

3.7.1  •  Receptacles  in  wet  locations. 

3.3  gleetric  Heat  will  be  of  the  following  type: 

3.8.1  Strip  Heaters. 

4.  TTmtntOR  electrical. 

4.1  The  distribution  system  will  consist  of  a  new  three  phase  aerial 
extension  from  the  existing  12470Y/7200,  Une  at  the  indicated  location. 
Public  Service  Co.  will  Install  a  primary  metering  pole.  Cost  to  contractor 
will  be  approximately  $3,000.00. 

4.2  The  complete  exterior  system  shall  include  the  following  material 
and  equipment. 


building. 


4.2.1  Transformers. 

» 

4.2. 1.1  Single  phase  for  wells  and  three  phase  for 
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4.2.1. 2 

Cluster  or  radial  bracket  and  pad  mounted. 

4.2.2 

Aerial  Line  conductor. 

4.2.2.1 

Primary. 

4.2.2.2 

Size  #6. 

4.2.2.3 

Type  ACSR. 

4.2.3 

Underground  conductors. 

4.2.3. 1 

Primary  in  duct. 

4.2.3.2 

Size  #2. 

jacket. 

4.2.3.3 

Cross-linked  polyethylene  with  polyvinyl 

jacket. 

4.2.3.4 

Cross-linked  polyethylene  with  polyethylene 

4.2.4 

Secondary  conductors. 

4.2.4.1 

Underground  -  USE. 

4.2.4.2 

Aerial  polyethylene. 

4.2.4.3 

Voltage  120/240  and  480/277. 

4.2.5 

Surge  arresters. 

4.2.6 

Down  guys 

and  anchors. 

4.2.7 

Insulators . 

4.2.8 

Potheads, 

resin  terminations,  taped  terminations, 

positive  pressure  sealed  type  terminations. 


4.2.9  Duct  banks. 

4.2.9. 1  Primary. 

4. 2. 9. 2  Rigid  Steel  Conduit. 

4. 2.9.3  Without  encasement. 

4.2.10  Primary  fuse  cutouts. 

4.3  Cathodic  protection  will  not  be  provided. 

4.4  Attached  calculations  show  pole  sizes,  transformer  sizes,  and 
voltage  drop. 

5.  Building  was  designed  by  Architect-Engineer. 

6.  CALCDLATIONS. 
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CHAPTER  IT  >  GBADIH6,  DRAIHACB,  PAVEHEHT,  AHD  PEHCE 


1.  cgimtAT„  Design  was  based  on  the  following  criteria. 

1.1  TM  5-820-1,  "Surface  Drainage  Facilities  for  Airfields,"  dated 
August  1965. 

1.2  TM  5-820-2,  "Subsurface  Drainage  Facilities  for  Airfields,"  dated 
March  1979. 

1.3  TM  5-580-3,  "Drain^e  and  Erosion-Control  Structures  for  Air¬ 
fields  and  Heliports,"  January  1978. 

1.4  TM  5-820-4,  "Drain^e  for  Areas  Other  than  Airfields,"  dated  July 

1965. 

1.5  TM  5-822-2,  "General  Provisions  and  Geometric  Design  for  Roads, 
Streets,  Walks,  and  Open  Storage  Areas,"  dated  April  1977. 

1.6  TM  5-822-5,  "Flexible  Pavements  for  Roads,  Streets,  Walks,  and 
Open  Storage  Areas,"  dated  May  1980. 

1.7  TM  5-822-6,  "Rigid  Pavement  for  Roads,  Streets,  Walks,  and  Open 
Storage  Areas." 

1.8  EM  1110-2-2902,  "Conduits,  CulVerts,  and  Pipes."  - 

1.9  "Handbook  of  'Steel  Drainage  and  Highway  Construction  Products," 
dated  1971,  pages  214-21,  on  Corrosion. 

1.10  EIRS  Bulletin  77-06  “Pavement  Design." 

1.11  Letter  Department  of  the  Army  OCE  "Flexible  Pavement  Design 
Curves  for  Roads  and  Streets." 

1.12  TM  5-818-2  "Pavement  Design  for  Frost  Conditions,"  dated  July 

1965. 

2.  cganTWC^  lUfilS  Of  DESICT. 

2.1  Desirable  minimum  slope  of  2  percent  on  pavement. 

2.2  slope  of  5  percent  for  10  feet  from  building,  except  on 
pavement  which  is  less. 

2.3  Desirable  slope  of  10  percent  for  10  feet  from  building. 

2.4  Desirable  overlot  grade  of  3  percent. 
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3.  DKAISACE. 

3.1  Reference:  Department  of  the  Army  Manuals  TM  5-820-1,  2,  3,  and 

4. 

3.2  SEHKRAL.  The  rainfall  at  Rocky  Mountain  Arsenal  design  has 
based  on  a  1.8  inch,  1-hour  rainfall  for  a  ten  (10)  year  frequency.  Runoff 
from  the  pavement  and  graded  areas  will  be  picked  up  by  the  new  storm 
drainage  system,  draining  into  the  existing  system. 


3.2.1  Drainage  system  design  will  be  based  on  use  of  fully 
paved  bituminous  coated  CMP,  RCP,  or  bituminous  coated  CMP.  All  pipes  in 
this  project  are  culverts  with  a  minimum  size  of  24  inches. 


3.2.2  Runoff  was  evaluated  on  using  the  COR  Modified  Rational 
Method  where  the  runoff  coefficients  for  paved  area  was  1  and  for  turf  areas 

was  0.5. 


4.  PAYIBG. 

4.1  All  paving  with  portland  cement  as  proposed  in  the  Concept  Design 
Analysis  was  deleted  from  the  project  or  requested  by  the  Project  Engineer  in 

order  to  reduce  cost. 


4.2  A  crushed  rock  roadway  6rinch  thick  shall  be  used  as  a  substitute 
for  all  pavement  in  the  project,  except  for  the  entrance  to  ^^fhway  6  and  2, 
which  is  State  of  Colorado  property.  They  require  a  9-ittch  thick  Bituminous 
Intersection;  which  we  shall  provide  as  shown  on  the  drawings. 


5.  PEHCE.  A  chain  link  fence  gate  was  provided  in  the  fence  line  at  the 
new  road  connection  to  the  highway. 
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CHAPTER  V  STBHCTURAL 


1.  cmiggAT.  pARAMgTTOS.  The  iii-house  structural  design  includes  15 
discharge  well  concrete  valve  pit  vaults,  21  recharge  well  concrete  valve  pit 
vaults,  1  sustp  concrete  vault,  and  15  well  cap/water  level  recorder  support 
assemblies.  All  of  the  above  are  entirely  original  designs.  All  other 
structural  design  has  been  performed  by  the  Architect-Engineer  firm  handling 
the  treatment  portion  of  this  project. 

All  15  discharge  wells  and  all  21  recharge  wells  are  to  use  the  same 
concrete  valve  pit  vault  design.  Inside  dimensions  of  the  valve'  pit  vault 
are  8'-0"  long  x  5*-6"  wide,  x  7’-0"  high.  All  walls,  roof,  and  floor  slabs 
are  to  be  Scinch  thick  reinforced  concrete  slabs.  The  top  of  the  vault  roof 
slab  is  to  be  l'-6"  above  finish  grade  to  prevent  vehicular  loadings  to  the 
structure.  The  roof  slab  is  provided  with  a  S’-b"  x  3*-6"  manhole  frame  and 
lid  for  access.  The  floor  slab  is  sloped  toward  an  8-inch  diameter  floor 

drain. 

The  stimp  vault  is  actually  a  two-compartment  structure  with  a  base  floor 
slab,  intermediate  floor  slab,  and  roof  slab  for  each  compar Oaent .  The  two 
compartments  have  a  common  vertical  wall  which  serves  as  a  watertight  barrier 
between  them.  Furthermore,  the  vault  exterior  walls  must  also  be  watertight 
below  the  intermediate  slab  level.  Each  compartment  contains  four  pumps  sup¬ 
ported  by  the  intermediate  slab.  The  lower  portion  of  each  compartment, 
below  the  intermediate  slab  level,  is  designed  to  withstand,  exterior  soil 
pressures  as  well  as  Interior  hydrostatic  pressures.  .  The  walls  have  been 
•  designed  for  the  lower  compartment  areas  to  be  full,  dry,  or  filled  with 
water  to  any  intermediate  level,  with  the  additional  consideration  that  the 
water  levels  in  the  two  compartments  are  independent  of  each  other. 

The  inside  dimensions  of  the  lower  compartments  are  20 ’-0".  long  x  10*-0" 
wide  X  12’-6"  high  while  the  upper  compartments  are  lO'-O"  long  x  lO’-O"  wide 
X  7’-0"  high.  The  vault  is  symmetrical  about  the  20 '-0"  long  common  wall 
between  the  two  structurally  mirror-image  compartments.  The  vault  base  slab 
and  all  vault  walls,  interior  and  exterior,  are  12-iach  thick  reinforced 
concrete  slabs.  The  vault  roof  and  intermediate  slabs  are  10-inch  thick 
reinforced  concrete  slabs. 

The  roof.  Intermediate,  and  base  slabs  are  each  designed,  basically,  to 
act  with  two— span  continuous  beam  action  with  the  common  compartment  wall  as 
the  intermediate  support.  The  intermediate  slab  is  provided  with  openings 
for  four  pumps  and  one  grated  access  hatch  in  each  compartment.  The  roof 
slab  is  provided  with  four  manhole  frames  and  lids  for  each  compartment,  with 
each  opening  being  centered  over  one  nf  the  pumps  on  the  intermediate  slab 
below.  Due  to  the  size  and  number  of  openings  in  the  roof  and  intermediate 
slabs,’  as  well  as  their  symmetries  about  the  common  compartment  wall,  heavily 
reinforced  beam  strips  are  actually  used  to  carry  the  slab  loads  across  the 
two-span  condition  over  the  two  vault  compartments. 
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The  vault  is  to  be  constructed  with  the  top  of  the  roof  slab  6' -2“  above 
finish  grade  and  the  bottom  of  base  slab  16 '-0"  below  finish  grade.  Ground 
water  is  first  encountered  at  a  minimum  of  20  feet  below  grade.  Therefore, 
buoyancy  effects  and  exterior  hydrostatic  pressures  are  not  factors  in  the 
vault  design.  One  personnel  door  is  provided  in  the  long  exterior  wall  of 
each  compartment. 

Finally,  a  water  level  recorder  is  required  at  each  of  the  15  recharge 
wells.  This  instmment  is  very  sensitive  to  movement  and  therefore  requires 
a  very  stable  support  structure.  The  recorder  must  be  placed  immediately 
above  the  well  casing  which  must-  be  sealed  off  from  the  environment  above.  A 
float  and  counterweight  are  suspended  from  a  pulley  on  the  recorder  and  must 
penetrate  the  sealed  well  cap.  The  requirements  for  a  well  cap  and  recorder 
support  assembly  which  are  easily  removeable  (for  access  to.  the  well) 
resulted  in  a  design  for  the  cap  and  support  assembly  which  can  be  mounted 
to,  or  removed  from,  the  well  casing  by  as  few  as  6  bolts.  The  cap  is 
•3/8-inch  steel  plate  and  the  recorder  support  is  a  2“  x  2"  x  1/4"  angle  frame 
with  a  3/4"  x  18"  x  18"  plywood  deck. 

2.  APPLICABLE  CRIIEHIA. 

2.1  POBLICAIIONS. 

2.1.1  Project  Design  Directive. 

2.1.2  Project  Book. 

2.1.3  Architect-Engineer  Instruction  Manual  -  Omaha  District 
•Corps  of  Engineers. 

2.1.A  Building  Code  Requirements  for  Reinforced  Concrete  (ACT 

318-77). 

2.1.5  TM  5-809-1  Load  Assximption  for  Buildings. 

2.1.6  TM  5-809-2  Concrete  and  Structural  Design  for  Buildings. 

2.1.7  Metal  Bar  Grating  Manual  (National  Association  of 
Architectural  Metal  Manufacturers). 


2.2  DESIGN  DATA. 


2.2.1  Climatic  and  Geographical  Conditions. 


Design  Footing  Dept,  minimum 
Allowable  Excess  Soil  Bearing  Pressure 
Seismic  Zone 

Basic  Wind  Speed  (50  year) 

Ground  Snow  Load 
In-Place  Soil  Density 
Ground  Water  Level 


3»-6" 

1200  psf 
1 

80  mph 
35  psf 
135  pcf 
20+  feet 
below  grade 
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2.2.2 


2.2.3 


3.  CALCDLAIIOHS 


Materials 

Concrete  (All  Work) 

Reinforcing  Steel 

Design  Loads 

All  Vault  Roof  Uniform  Live  Loads 
Sump  Vault  Intermediate  Slab  Uniform 
Live  Load 

Assumed  Sump  Vault  Pump  Weight 
(eight  locations) 

Wind  Loads 
Seismic  Loads 

Lateral  Earth  Pressures  on  Vault  Walls » 
At-Rest  Pressure  Coefficient 

See  Appendix  D 


f'c  ■  4000  psi 
fy  ■  60,000  psi 


100  psf 

100  psf 

1600  lb. 

Not  critical 
Not  critical 

Ko  -  0.5 
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PABT  HI 

OFERAXIOHS  AEiD  MIlHSTEHABCE  F80VISI0NS 


PAST  III  '  OFESATIOHS  AHD  MAINTENAHCE  PSOVISIONS 


1,  maMDEl)  USER  BESPOHSIBILIIIES  POR  Offll. 

1.1  COmOL  BESPOHSIBILITIES. 

1.1.1  Monitoring  and  reporting  to  the  concerned  agencies  flow, 
contaminant  concentration,  and  water  levels  at  the  discharge,  recharge,  and 
monitoring  wells. 

1.1.2  Programs  for  prevention  and  control  of  spills  and 

pollution  of  ground  and  surface  waters. 

1.1.3  Ultimate  disposal  of  the  organic  contamination  and  spent 
activated  carbon  in  accordance  with  the  applicable  regulations. 

1.1.4  Coordination  of  the  overall  pollution  control  and 

monitoring  for  the  installation. 

1.2  SERVICE  OTSPmiSTBTT.ITIES. 

1.2.1  Equipment  maintenance  in  accordance  with  the  manufac¬ 

turer's  recommendations. 

1.2.2  Replacement  of  filter  cartridges  and  spent  activated 

carbon. 

1.2.3  Adjustment  of  flow  control  valves  at  the  individtial  wells 
to  compensate  for  seasonal  changes  in  ground  water  flux. 

1.2.4  Overall  building  and  grounds  maintenance  consistent  with 
public  health,  sanitation,  and  weed  control  requirements. 

2,  DESICT  PROVISIOHS  FOR  OSl  TOHAHCZMEHT  AND  COST  REPOCTIOH. 

2.1  COBTROL  RELATED. 

2.1.1  A  site  Inspection  on  31  March  and  9  April  1982  revealed 
problem  areas  on  the  previous  ground  water  contamination  projects  on  Rocky 
Mountain  Arsenal.  An  attempt  to  solve  the  problems  has  been  made.  The  most 
obvious  revisions  were  in  the  valve  pit  design.  Manual  operation  and  mech¬ 
anical  in  lieu  of  electronic  control  systems  should  eliminate  some  of  the 
failures. 

2.1.2  The  hydraulic  barrier  method  of  containment  gives  the 
user  the  flexibility  of.  gradual  reduction  of  the  dewatering  system  as  the 
contamination  plume  tapers  off. 
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2.2 


SERVICE  BELATED 


2.2.1  Four  pump  systems  for  the  treatment  plant  influent  and 
effluent  flows  will  allow  treatment  plant  operation  and  recharge  at  rates 
similar  to  the  ground  water  flux  rates. 

2.2.2  Spare  pumps  and  motors  for  the  discharge  wells  were 
furnished  to  maintain  the  dewatering  system.  Two  p\imps  were  specified.  One 
adequate  for  the  largest  capacity  wells  and  the  other  for  the  lower  capacity 
wells. 
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affehdix  a 


GEOXECHSICAL  AHALTSIS 


INDEX  TO  GEOTECHNICAL  ANALYSES 

1.  AQUIFER  PUMP  TEST  DATA  -  WELL  NO.  W-4 

2.  AQUIFER  PUMP  TEST  DATA  -  WELL  NO.  W-5 

3.  SLUG  TEST  IN  W-5A 

4.  GRAVEL  FILTER  PACK  DESIGN 

5.  SOIL  CLASSIFICATION  RECORD  SHEETS 

6.  DRAWDOWN  ANALYSIS  USING  MUSKAT  EQUATION 

7.  CUTOFF  WALL  HYDRAULIC  ANALYSIS 
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COMPUTER  MODEL 


AQUIFER  PUMP  TEST  DATA 


WELL  NO.  W-4 


®  w. 


*(399.5) 


NW-I 

(I9i5) 


o 


« 


I2B 

(49.8) 


I2C 

•(99.7) 


\ 

\ 


I2A 

•(200.6) 


•(399.5) 


W-4 

•  —  Pumped  well  location  and  number 


-Observation  well  location,  number, 
and  distance,  ft,  from  W-4 


FIS.  NO. 

OBSERVATION  WELL  LOCATION  PLAN 

1 
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itiuiufiiunniHiiiiiHHBiioiiiui!iiiiiiia*> — 
lunniBinnnninniiiinuniniatiuiHiniaBHHaai 
iiumoinnmuinnffinifinmoiiiuiiiHtaaHau 
iiuiUBiuniiiHiuBfuraiiniuiiiiiiiimaaBaaaaaa 
^  um  fia  UDDB  mu  nn  am  mo  I  iiM  uauu  u  au  u 
iJiniuBinninHinHma*nnafniDiiiiaHiaBaaaa 
insinuimiumimiunaiaHiitniiuiuiaaiaBaaaa 
iiminitrnuuniiiuiinaniiniiniininuaiaaaaaa 
:nuiruiiuniniiiiniiuiiuinniniinitiiiiiaaBBaB 
uMUUiaauMiiiiHuiuniuuiaiiuiuuaiBBaaaB 
'unitfHnxuiitiiiifnnmaininniimfiaaaiaaBaaa 
;iiumniiiininiiiiiiiiiiiitituuiiiiiiifiiiiiiBaaBBB 
imimDumnninuiiiiHniiiiiiiiiiiiiiiiitiBBBBBa 
tnsiuuHiuiiiuiiuitiiuiiiiiimiiiiiiiiiiiHaaBBB 
auiuniiiuiiiuiiuuiiuaifliiiiiuiiiiiiiuaiBaaaaB 
immiiniraiiininnunaiiiuiimiuniMiiiBBBBBB 
luniiuiuinniiiiiiHiiiuniiiiiuiiiiiiiiuiiiBBBBBB 
SROiminuiiiiiiiniiiiiufnuiiiiiiiiitiiiiiiBBBBBB 
MiiiimiiBiiiiiiiiiuiimiiiiiiiiiiiiiiiiiiiiiBBBaBB 
mjmmriBiiiuiiiinauatnaiujiuiaiiHaBiaaBBBM; 
.amuniiKaimiiiHiinnaniuiiiiiiuiiiaaaBaaaBB] 
inninflMRitniiiiBtiaiifnnmiiiiiiiiiiiiMaaaBai 
hiiQiuoiuntiuiiiiiiiiitiiiuiiiniiiJiiiiiiiiBBBaBBJ 
iiiDmantiiuiiiniiaiiuiiiiiifiHiiiuiiiaaBBBai 
ttUfiHiHBirnMHinimanuinummuiBaiaBBBBJBi 
S^^nBinBaniunninfBiiaiiiiiiiiauiaBBBBan 
ffiininmiiHininiiiiiitinuiitiiiiiiiiiiMiaBaBBBi 
aaisDonittuiiiiiiiBiiiiiiiitiiuiiiiiiiiBaaaaBBBBi 
fUBHianumniimuniainimiiiimiUBaaiBBaaaai 

MB  Iinn  MB  lIMIMUBUMaBBiaiun  111— 
iRBumaiiifiiHiuniimiimimittiniuuiaaBBrBaBau 

urn  rmi  nninin  imi  inn  uHiinii  nniuBiB  Baaflaaaui 
iTUJtrninjDniiiiiiiifnuniniiiHiijiBiimuaaBaBaii 
^iBUiuniiUiniuiiaiiHniiiciiinuBBBraBaBBBai: 
uu  Rui  iimiua  iiniaun  uf  iiiua  lunima  MBaaB 
^{iQMnDitiMiiiniiifimamiiinniiiiflnaBaaaBaaa 

ininnatnniimiiHiiiuaimiiiiiiiiiiiiiiraaBBBaai 
irmiiuiDiDinuuuiiiiortiiiiiiuiiiiiiiBiBiaaBaBHai 
iinumsumiiiiiiiiiiiHiBtiMniiiiiiiiiiiiiiiBaBaBau 
(luaiuntiuitmiuiuaiaBaiiuniiiiiiiaiiiiaa  ••■■■■■■ 
hoaimiittutiiniiiiiiiiaaiiiitHiiiiiiitiiaiaia 
:iiiiinaiiintiiiiiiuiiiiiainiiiiiiiiiiiiaiiBaaB«a«HH 

iimiimiHifiiiitiiiiaifiiiiiiiiiiiiiiiiiiiiiisiaBBaHaH 
umuuiiiuiiiiiitiiiiiiiiiiuiiiiiiiiiiiiiiiaiiaaaa 
HiuiuiJuuiiiiiiuiiiaiiaaiitiiiiiiitiiiiiiiiBiBBaa_.« 
uininoitiniiiHiiniiianiiiniifiiuiiiaiBiaaBaaaaaai 
iimuniiailiiniiiiiiiiiiiiiiiiwiiitiifiiiaiBBBBBBaaBii 
mniraouiiiiiiiiiiiiiiuimiiiiuiiiiifiiaaiBaaBBaui 
nniminiiiiiiiiiiniiiiBiiiiitiiiiiiianiuaaiaBaaaa 
iiiBiRBuaiiifiiiiiuiiUBUMiiiioiiuiitBaaBBBaaaB_j 
IniouniBmiiuiifmiimrfiniinjnrniBBiaaaBBaBaaii 

S|Miuiiiiiniiiiiniiiinn(iiiiiiiiaiiBBBaaBBB~~ 
dmiDBiiuiiiiiiiiuiimtiiifiiiiiiiiiaaiBBaB 
atDUBHiiitiiiiiiuBiifmitiiiiiiHiiaaaaaaaa 
jmsummiitiiaiiiniMnuiiiiiiuiuuiiaaaaBBBaaHHw 
liHpuBBtnBfnatHRfBaaaniiiiiinnniiaaaaBBBaBB— ■! 
■uanBunffBiiiiuuiauifiiiuiiiiiifiBaaBaaaBBBaiBii 
■laiaBaBfiiniiiuiiffUBinniuniiiiiiiaBaaaaaaBBu 
■(RBiRBrnaainiimiiiuiurKiiiiimiiiiBaiBaBaBau: 
BizBatBraBuaumuaaiiiaiiiiiiHiiiuaaiaHaaaaai 
*  -BiQouRirnDnBDinainuniuitaaaaBBBBBanBi 
_ — aaBrauiiffiiinuiiiuuniifiiiaBBBBaaBBBBBui 
■inniBnBiniiiiiininiiuiuiiiiiiiiiiiiBBaBBBBaBaBn 
BgBBPtBBgmiqMtaoiitinmniminBBBBaBaaBBaii 
laaiflBiBagmmoiiBmfimnfnimmaaBBBaaaBam 
■ijBBDinifiinfBnMBBBnfaiiiiiiimHanBBaBBBam 

irznaiiiattuiitfnniiUHiiniitiniiiiaiivaBiBBBaBBui 
IraraoBiiiuiiuuiiiiaiuniiuiifiuiiaiBBBaBaBan 
■BBiEBHBuiiimaniuiMiiiiinniiifaaBBaaaaBBaiaii 
BwaOTcrwtinmiiMi^if^^^niiifnmilliaaBaBBBBaaBI 
IrrarnwaiDiimHminnininfnBinaBaBBaaaaan 
■imuDuoaaiBiinitBnaiiiDiiiiniiiuiuBaaBaBBBiiai 
IgDmaaiuiDiiniiiuiiniiiiuiiiniiMaBiaaaBaBai 
■lUBBiruainiifiiniiiiiuuiumiiiufunaaBaaBaw 
■  a  oa  na  niB  am  laan  troi  tua  I  u  u  taaaB  a  BBBa  BBMii 
iBBtgaBaaipnKiaonaifnnmnmMiiKaBBaaaaaaaan 
IraiRaaianraiiinittBBiiuiiiiMfaaiataBaBaBaauBaii 
■aAoaiiiniuniinninainfiinuiiMaaaaraiaaau- 
■aBOBKiViiBiaiuiiiiitniiiiiiinmiifaiBBaaaaaiai 
■aamoMliUBiiiBiiauautiuiDiiiiiuaaBaBBaawBUi 
BomaaiBaiJiuiiuimBirBnnnimnmuBBBaaBa 
■uBiuDrauiiiiininmuiiuuiiuiiiiiiiiBaiBBBBBau 
■ooiaiiniBifiaiiuiiiBiiiiiiiiiiDiiiiiiiiaBiaBaBaaiBi 
ImaiaiBBtinirmiuiBiuiuifuiiiiiiiiiaaBBaBBBBa 
■iBiBBiiiiaiaBiiuiitaBiauiitiii!UUuiBaaaaaBaaiB 
latnntBBiinimaMiuQiniDnntniraBiaBBaaBBai 
IniDimiiiraiiiuniHiDnmiiiiiiiiiiiiiioiBBaBaBBB 
InBiaDaaianiifiuiimiiiiiiHiiiiiiiiiiaiaBaaBBBB 
iDfliaiBniauiiiiiniiimiiuininiiifiiaiaBBaBBBBaui 
BuamBiuaiimiiuuniiBiuiuiiHiiaauaBBBaBBaii 
■siBiBtnaiiiiiniiinaBauiniimnniiraiaBaaaaBmBi 
■iminmunuuiiiuiiinBiHniiuiiiiniiaaaaaBBaBBBi 
■aoMoamiiiDimiiraiiimiiiuiiniiiaaaiBaBBBBBii 
BioBiimuiiiinaiiaBiiBmumiiiuiiiiiiunaBaaBBaBi 
ImBaaaaniiniinuinuiiuiiiiBiiiuiuuaBBaaBBui 
■BBinoMBiiiinifBBiiBaBiiiniiiiiiniiinBiaBaaBBBvi 

■uwtnonioiiiiiiiiiiiiniBiiiiiimiiiiiiiifiiBaaaBBuui 
■BfflmBiiniiiaiiiiuiuniiiuiiiiiiiuiiiiiaBaaBBBBUi 
BtnBKmamuiDuiuuiBiiiiniiiiiiiiiiiiauaaaaBBBBii 
gHBBBunauBinmuMBiiiuuuiiiumaaaaBaaaaaui 
■BBSBiiiniioiiiininaiiniiniiiiiiiiiiaBaBBBaBBBi 
■  itUlIIBimUlfllllilUlllllinillllllllllltllBaBBBaBBBBI 
■ffiBiffDnmiiiiiiiuiiiiiKiiiiiiiiiiiiiiiiiaiiBaaaaaBi 
■niHUifliiminuiiuuiaiiiiiimniiiiiiiiiiiiaaaBBaaii 
■{UDrnniiaitiiiiuiiiiuiatiiifiiiiiiiiiiiuiaBBBBBaBBi 
■[DB  Era  umiininui  HUB  tiiiniifiiiniiiaBaBBaaaaaaii 
■miEnBaiHuiiiiiiuiiiuujniiiiiiiauiiHiaaaaaBaBi 
■fnsozBiiininiiiiiiiiiiHUiuiiiniifiiiiiaBgaaaBaBBi 
■KEiminDumiimiiMitnaiinjiimiiiiBiBBBBBBaii 

- BiirmiiBBBiiiBiiiniiimagBB— 

_  .  .  JBiimiuMUHiiuiiiiiiinBBaBBnBaBaaan 

InaaiimftDiiimiHuiirniiuiiiuiinaBBBBBaBBui 
iQnmtiiBmntiaitoiiiiufnHinHiimaaaBaBBBi 
■loiaBEiiBHBBiiHiiuiiiiaiiiiiiiimiiuuaBaaBaaaii 

I  in  ma  mu  oia  ion  fan  HID  mn  iim  tana  BBaaa  aaui 

IfianBaiDfimiHHtiiniattiutiiuuiBBaaBBBBaaaai 

laaniBHBiiiDiiniiimiiiniiuiiiiuiiiiiiBBBaBBm 

lino  CUB  mHuinffmiimnimiiiiiiiiniuaiaaBBaBBai 

|Ha  iiBuiB  HIM  mauBBaauaimmf 

IsamimDnniiiiaiiminmiiTniininBnaBBaaaBraa 

liiifloinmuiniiiiiiiiaiiiiiintiiiiiiuiiinaaaBBaHBai 

loaimaimiEnniiiiiiiiiiunttiiuiimiiaaaBBBBBaaai 

lEflanuiiiniiaiiiniiiuiiiiiDiimiiiiiinBiBaaBBBaai 

lumaBinBinOIlIUlimiHUlUUlBICIinBBBBBBBBBJ 

lEnirraioniinifnuifnauHiaiHiiDiinBvaBaaBaBm 

ItnofrainfltiuiiniiiiramniniiiitiiiiiBBBiBBBBBBai 

■lUBimiiiioiiniiuniuniimiuiiiiiiiiiiuaBBBBaBni 

iBaniDEiBiiuniiiiiiiaBaintiiiiiiiiiiiuBaBBBBaaBam 

ImiaaiuBumuMiMiaaaaugiuinHm 

InaaiaiiiniiiiiinaiiMaauuimiiimitww—BM—MMi 

liHocnaitiitiiiumniiinniHiiiuiiiiiiiBnBBaBBBBBi 
IfmimtiiBiiniiifaiunHminniiiiiiiBBBBBBaBBaBi 
Into  era  itmiiinimiiiiBaiiMiutiiiiuiiiuiaaBBBBBni 
laiHianiisiiniiiufnuuuiUDiutiiiimiuBBBBaaaBBni 

iBBtmuiBiwinBUBaBBiifnmwiiwniwMMMM— — 

InouumniiiiififiiiiiminuiuiitniiiiiiBaaaaaaaBii 
InaniBiiiaiiniiimiiaaaiuiinniiiiiuiaw— ■■■« 
litfliainuDiiiiiiiiinmniiiuiiiiiiuiiinnaBaaBBaau 
|aaiHB>tuiiiMiumfMntunuinimuaaaa«MMM»— 
IgfflBBunmnifiiufigBiiBnnninfmBnaBBBaaaaaa 
iBaiimiiHiiiiaiiiuiiniDioiiininiiHuiaBBaBBaBii 
luBiUHiiuiiiiuuiainniinfifrBiiMiiaaBaBBaBBBani 
IfBiBBuniinBiniiiUMtoaiiinniunBaBBBBBBBBUBi 
I  OB  BD I  nn  ttua  DUBB  uin  ioa  urn  oaa  UBU  Baaaa  BBuaa 
liwmnmnmiMBfnuraiBniiniiiiiiiuaaaBaaBaaanai 
liRDuaainiuDiiiniiiniiiaiiniiiniinaaaBaaaBBBB 
|BBtnnnmuninniiMwnninnmnnaanaaBBaaMi 
liffliBauiiititaiiiiiiraBBtiiniiniiiniUBaBaBBa 
luraiuDtuitiiiniiiiiiuBBiiiuiiiiiituiiiBBaaBaB 


■^maiHinninuiiiiiiiiiciiMatnnuifitinitimaBaaBBa! 
aaaBButflUffliiinifiif  mil  uantniiiiiniiiuiuaaBBBBBaai 
BamimafliiuBaiiiiiiMsiiaauiuiDuimaiSiBBnBBaBB 
BuaaiiuJiiuitiniRiijuiifiaaaiiniifiitniiimfuaaaBBBai 
aauB  lUB  uiB  ina  ma  n  Uf  11  aaa  tnu  tUH  una  UBia  laaBB  BBB 
aamimiiiniiHaiiuirtVHiinarnnftiBiiniuanuBaBam 
■flMamunrDinuniiiiiiiituiauuiimiiiiiinaaaaaBBBaBt 
■■miiQcnninniiufiiiuiitniiiituininnMinuBaaBBi 
■■mimoniiiniiiiiiiiiifiiuatmuiiniiiiifuiaiBBBaaau 
fuifliuiiuunimumiia— 

■■■nninminnimitfrnmiaitmntiitftniimiaBaBBBi 

inaitiHmaimiiiiiiiiiiiiiiiiiiiiiiiitiniiiiiiiBiBaBBaBi 

maiitmijiiiiitiiiiiuiiiiiiitutttiiiiiiiiiiiiiiiiiiiBBBBBai 

l■■i>lUllU]llllllllUlll■llllt■]]nlilllilllnllllalBBBaBBl 

uanniiiinuiJuiiiiniiiifiiiniiiiiiiiiiiuiiiunaBBBBaBi 

l■mIlllliHllIlIlllfllllllllBll|{tlUllmn^ltln■■■BBaBau 

l■BilllIllmllUlflmlllllllUMllllJllmlllllllllll■aBBaBB 

l■a[il^lulllllullttlllflllllue  iiiiiiiiiiiiiiiiiiiBBBBaHB 

ifliaiimitniitiiMiiiiiiiiiiifiaiifuiiiiiiiiiiiiiiiiBBBaaBB 

IMBB  >1111  UUlttUlllUIIIHfllBIBIillUtllllUlllUaaiBBBBa  Ban 

tnammiimifiainniinffiiaaiiiiiiiiftiifiiiiimaBBaam 

inanoiiiiuiitiiiiiiiiiiiiiiiBiiiiiitnniiiniiiaBBBBBBBBn 

ina;imiifiiiiiiiiiiiiiitiiifiaBMitiiiiiiiiiiiiiniiBBBBBan 

iHniiiiiicuiiiitiifiiiiiiiiuMiiiiniiiiiiiaiMnuBBBBBn 

■laniutiiiiiniiuniiiiiiiiifiiiiiiiiiiuiiiifiniaiBBBBaaBBi 

innnioiKniniitiiiifiiniimniniiniiimiinBaaaBBBBH! 

inmnniiruiiiiiiiiiiiiiiiiuiittmiHiifiiiiiiiuiaBaaBan] 

inaiiiiUiiuiiiiiitiuiiiiifimaititiiuiiiniiiinBiaBBBBBH 

inaiiiuiiuiauiuiniiiiiiiiniiitiiiiniininiHiBBaBBan 

maa  luutiiii  mil  Mill  tint  uaaa  ticu  inn  umnnauBBaaanj 

□an  !ua  nin  mo  iiin  nm  II  nanmiini  nm  nan  taaaaBanB 

I— roinmintitntiiMniiBntnonittimfi— ■■■■■—■MM 

inmiju  OTitiinnniiuiiiffaatiuiiiiiiiimuinnBBBaBni 
inaitiinlmi(Uiifuuiiiiiiiin>iinniii»iniuniBBBBBBH 
laaitiouuiuiaiinimifuaBaiitaiiininifiiBnBaaaaB^— 
inmHoitmtiuiiiifimiiiBnauiRinninuuBnaaBBaB 
inaimnKiiiiuatiiiiiiiitinniUfitiniiuiffiBaaBBBBBa' 


inmajoinuiiiiiifniiiiuiaairtiiiiiinijiniifHnBaaBa 
tnBfiHDtBnminnniiiiimuniiiiniiiiiiuiBBBBBaaa 
tmamn  mil  mu  uiH  lint  ima  inn  mil  minim  naBBaa 
jnantoiimiimmiiiiHiinniuiiiiiuiiuiinaanBMaua 

■aaaBfpflaMtmuiia  iinimminanoi  !■»■■■■— iiSSSSSZ 
■auuamuuuiiHiinniuBntQHnnaiuiiinnaBBaaauB 
inHuanuiiuuniiiiiniiiiuiiiuiinitiiiiiiiiiiBBaBBaB 
inmiininnumtiiiiimiiifiiiimiiiiiainiiiniaraBaBB 
inn  [irufiiniiiti  Hill  iiiniiiiaiiinriiiiiiiiaiiinnBaaBBB 
innLUomBiuutuiiituiuiuniiniuiiaiiuaunaBBaaa 
naniniiinnnminniiinimiiiiiiiiiniiiiiiiiiiiBBBBBBB 

innimimnmuiiiiiiitiiiiiiiiMiiiiiiiiimiiiiiiiSaBBaB 
innnmiinnnfiiiiiiiiiiisiiiiiiiiiiiiiitiiiiiiiiiimBBBB 
inaiUHiiuiiiiiiiiiiiuiaiiiiiiiiiniiiiiiitiiiiiinBBBBaa 
inniiuminniuiiiiiiiiHiBiuiiiiiiuuiiiiiiiiuiBBBaaaB 
mnitmimininiiiniiiiiiiiHiiuiiiiiiiiiiiiiiiBiiBaaaaB 
innnmiiuiiiiuiiiiiiiiiiainiiiiiiiiiiiiiiiiiiiiiiiBBBBaa 
inniiiiiiiuiiiiuiifuiiiiiiiiuiiiiniiiiiiiiiiininBaaBBB 
innruDmniiiiiiiiiiiiiiiiimiiuiiiiiiuiniHiiiUBBBBB 
■nnum  1101  iiin  lull  tiiu  iiiaaiiuiiiiifiiiuiiiMnaBBaBUi 
inninifRiiituiiifuiiininniiniiiininBiigniaaaBBaa 
inninNitinEiiHtiiitiiiiiiiiiiiiiiiiiiiiiiiiiiimiBaaaBBB 
inniimimniiiiiiiiiiiiiiiiiMiiiuiiniiiiiiiiiiiiiaaaBBB 
inn  iiRiimiifu  Hill  uiiiiiinuiiiiiitiiiiuiiiiiiaaBBBBB 
innwiauimiiiiiiiiiitiiuuiiniiiujiiiiiaimiBHBBBna 
inn  inninainwniiinin  inn  tifPuuiiaiiiMum— »■■■■■ 
nmimiimiiuiiuiiuiifiiuamuuiiiHiiiiiniuBBBaBB 
nnmQiniiiiuiiinuiiiunaiiiniiiniiiiiiiiiBBaBBBana 
nnitfiiitniiiuiiiioiiinDiniimiunmnuiniBBaaBaa 
aan  •mo  um  i  mi  oza  nan  UAU  ton  im  mu  lain  anna  BBUB 
■nmnntatnprnnniniMaannjmnninngnaaaBLaann 
ininuniQiinitiiiifiiiiinnnotiisfiiiiiuiaBBBBaBBBn 
inmRniinuiiiiiniiiniuiiiitaiiiniuuuinnBBBBBn 
inuiflQBUtmiuiiimiiwnnmmniiiHuim  ■■■■■■« 
BBniBitmiDOiiiiiiiiuiuBBtniiauiniuiuBaaBaBBaaaa 
inrmiaiNmiiiiiniirannBnffiiUDianiinnR 


«^iiuiiiiiiiiiimiiifiigitiiniitiiiiniitaiiiinBnnaBBBn 

inn  iiintiiiiiniitiittiiii  111811111111111  iiaiiiiinnaBBaan 
inn  iHiiiUiriiti  Hill  Hill  ll■■■>lltlltllllllaa•l■■■•a■BaBBn 

inn'uiiimitimtiiiiiiiiitifiaitiiiiiiiitimiiiiiiBBBigu 

dnniiiHiiiuiini  iiiiifiififiin  11111  iiiuiiiuiiaBiuaBBBBai 
innimitiiaiiiHiiniiiiiiinniiintiiuiiiiiiiiBBiaBBBBBi 

inniiiuiiniiiHiiiiiiiiiiiitiiBiiiiiiiiniiiaiiitnaBBBBBBi 
innittnmniuiiiiiiiiiMiaiiniiniiiiiiiiiiiiiiiigaaaBBn 
innititiiiiiitiiutiiiiiiifiiiiiBiiiiiiiiuiiiiiiuiaBBaaaan 
ifaniuaiiuKcuitiiuuifiiunuuiitinuiuiuuiBaBBBBij 
larafinfl  niu  inn  iini  inHinaaiminni  iiaaiiiua  aaaaaBan 

•^nuiiiiiauinHiiiifiifiuniiiiitiiiitiiiiiiiiinaBBBBn 
iniimiiiiinniiiiiiiiuiiiiaBiiiutiiiitiiiaiiiiiaBBBaaan 
iniiiiiiimiiiiiiitiiiiiuiiuaHiuinniamiiiiiiBBaaBBn 
in  timiniiimiiiiiiiimifagniiMiiuiitiai  !■■■■■■■■■■■■ 
inimiiimiiiii  Hill  iiiftiiBBBitmiiiiimiiiiiBaBBBBB  Ban 
innifliimiiiniiifiiiiaiiiiiauiumitttiitiiamaBBBBBn 
iniiiuiiniiitiiHitiiiiiifgfnitifitiiiiiiiiiiiiiiiBBaaBBni 
iniiiiiiiiiiiHuifiitiuaiitniitiiitiiiiiiiiiiimaaBaBB— 
iniiiQimiuiUiiiiiiiiuuaaainuiifiimuiunaBBBaaBi 
innmciintimnfiiiiaiiinaBiMtiisraimimnaBBBBanu 
inniuitiuiitiiiiiiiniitiiBiafiininniiiunnaaBanBBn 
iniiroiiminiitifuimitiBniuijiiinuiiiiuuaaBaaBBn 
inmnirTiiiiiiniifftiiiifiinmiiiiiniiiiiinuaBBBBBBn 
intiiouianiuiiifiiiintnBBnuiiiniiiitiiiaBatBaBaBnn 
inHminumiiHiHiguiuBmiiiimtiimiinnBaBaaaan 
inuiniiioiiniiifiitfiifiMutttiiiiiniiiiaiianiBBBBBan 
iniiioiiuiiiiii  Hill  luiiimaimiitniiiiuiMuiaBaa  aan 
inniiiiimiiiiiHiiiiiiaiimaiiintiiuiiuiiintiBBaaBBn 
inuioiauiuiiuuuuiunauiuuutiimiBaftaBuaaBnn 
tniHBnntnninuiHinnantmiiiHitmmiaaaaBaaann 
tniimmuiiniiiiiiiiiiiiiinHutiiinitiMiuiBiBaBBBBBi 
iniiraiiunuuiniiniiiiiftaniamnuuniiiuuBBaaBai 
initiauiiuimiiiiiiiiiiiiiiaHiitiiiRitmiiaMiBaaaBani 
incBsiimiuuiiinuuiifiaauiuiimtuuiuaaBaaaBaaiS 
iniimiiinniii  inn  iimiiMBUininfunfimnaniBB  Ban 
iniaBiiMiuuiiiiiiiiiiaiinifiiiiiiiiiuiimiBaBaaaaBni 
inrmitTMuMiMHiiiitiiimfmtiiiaitifiauaaaaBaBaaM 
•^niiiuiiiniifiuiiiiiiiiiiiiniiisifiiiifiiniiiaaaBBBaBauai 

I— mpiafunnimuwMg^ff^miiuiMn— 

'nniBonimiTamtirtmuaniuiininiimmaBM— MT - 

iniiKiuniiiiiiiiiuiifMiBiaaiiiiiiinfiimiiinaaBaBa 
inniniiMiiiiiiiiiffniiiiiBaaiiiiiiiNiiiuiunBuiBaBB 
innHiiuiiiiuifinfiiin'tBumniiiitiifiiiiuaaBBaaBi 
iniiiamiiiiiuiiiiiitmuuaiiiiiiiiuiiiiBuaaa^naBau 
inaminnQiiiiiiniiiniiaBainiiinoinniBanBBBaBBi 
inimiiiuitiiiiiiiiiiiiiimaatiinitiiitiuiiiBiiBaBaBBan 
inuiniiuiiiiuiiiiiiiiuinuiQuniauiiiimiaBaBaaan 
inirmmiiiiinHiiiiiiniiiuuiiifiaiiiiBMmiBBBBaaB 
iniuoimiiiuiiiiiiiuuiunamiiiBunfaBaaaBaBBann. 
iniirnimiinniiDiimiftnaruDiKiimBinnaBBBaBanw 
iniiuiiiiuiiiuiiiiiiiauiiuiunitiniiitiiiiiBBaaBBBBBn: 
uniiuiinuiiiiiiimiiininiBiiiniiuiHiuiiiBBBaBHBBBn] 
iniiiBfiiiiiuiiHmiiiiiiiintiiniimnmiiBaBBBBBBBan 
■^lunitiuuaiainiiuiuuaiuiftiiaiiuaiBuaaBaBBa — 

IJIRtimi iniltnif  inn ■■■■■nam t MB - - — ■ 


^inioniniiiijHiiiianaiiiaaiiiuiiDiuiiiiiiaBaBBaaaBiBra 
inniaiuniiitiiiiniiuiiiiMiniMiintraiiiiBaaBBaaBBna 
in  uniiin  mn  inn  iini  11181111111110  mil  mil  laBBaBanB 
iniiiBiinitmiuiiiiuiiinaaiiiiKuniiiMiimBaaaBBnnB 
imiiutimiimimiiiniiiiBaiuiitmiiiiniiifnnBBaaanB 
in.iininiiiitniiiiiiiiiaiiiiiiiiiiiiiiimiiiiiiitBBBBBBHB 
in  injiiniuiiniitifiiiiiiiiiiiiiiiiiiiiiiiiiimiBaBaaana 
iniiiniimiimiiiiiiiiiiifiiKiiiniuiiiiiiiiiiiiaBBBBBna 
injmuiiiiimiiujiiufiuniuiitiiutiuiiuuaaaBBaBnB 
inniwiiaiiiiuiiiiiimnuiBBttuittniiniiinnaBBBBaanui 
inniimiiioinuitiuiiauiiiniiniiimiiiHiiBMiaBaaBma 
mn  imiino  inn  iiiniiBairainiuiHiiiiiiinm— ■■■■■»»■ 
DBn'iUDmAintiHiiiiiiiinniiuiniuitiiiiinnaBBBBBanB 
innoMaaitiBmninmmnumiimmnm— ■■■■■MM" 
~fniflBTTWiniDHnnifwiiniinHmiiiiwi  ■«■»■■■■■■— MW 

in^imtiUiiimiifiiiuiiiiiniimiiniiiiumniaBaBBBnB 
imminuiiimimiiisuiiuaimiuiiiiiuiinniBBaBBanB 
inuiiiiinunntniiiuiiiiiiinuiiiiiiiiiiiniBiBBBaBBnB 
inumiUiniDiiitDiuuuiiMUiii  mil  mum— ■■■■■■—*■■ 
in  iiuiiOliHiniiiumMiBiBfinmtTn  mm— ■■—■■»»■ 
inmairaiiiDHiiiniiiinaaimiuiuiHiiiiiunBBBBBani 
•^niiiOiiiiiiujiiuiiiiuiiiiaBSDiiiiMiiifiiiinaaBaaBnnB 
inniimiWuinniiiiRfiiMaaiiminniiMiifm»— ■— ■ 
’^ntaUlflattMflinillllimainnnifiitmia— 
mBniiimnmnmiiinmmmrmiom—wMw^pT— m 

inmoiainnotintiiinimiinnDiDnmuinaaaBBBanBB 

iniBoruiinniHiJitiiiaiiBntimnmiiuiimanaaaanBn 

uamuimiiiiUHiiiiitnuBninnimiiiiiiiimuaaaBBna 

mmuiiiflinBiintiMHum  uiuimutm— 

nanonmiitaHioiiuinniiuDHiBiiuifananaBniBnani 

unmonmiiiiiiuninniunimitiniiiiiiiimiBaBBBBnB 

aaunimiiiiUHramniinBinDiiiniiiiainuiUBaBBnB 

inmomomiiutiJianiininiiifniiiiiafliiuaaBBBnanuB 

nwmmBnmwmmMiaaniaHMmmmmaBaaaaaBnta 
inoiuiaDiiiiiiiiiiiiiafifninnRminiiiimiiiBBBaBaui 
iniarniiuiDnijiiiinfnuiinituiinuiiimuaaBBana 
wi  -uiiiButuitMiiifniuninBiuDiiiiiiiiinsBBBBaanM 
aabanaiiiununimiiianiiianiDiiiuaBBBaBaaBBnnn 
m  a  a  EBB  lira  I  ins  inn  ma  a  OBI  m  mo  uan  aaaaa  aanan 
inaiBtujiiniiHuitiiunuBitniiinifnuiHnBaBaBaanua 
aaiiauutiuauuaaiiuiinnuiaianiiiuiuBBaaaaaaann 
iniiusumiiMiiinsiiniiuninnnaiiiiiiiimaBaaBBann 
inBiaaunuDiraiuaiaanHiaiaMUHiiianBBaaaamn 
iniranBniniumiitBimanfliiimmm— ■■■■■■■■■MM 
iniiBiiQiiiiuiiiiiiiiniiBniuttniDiiiiiinnBaBaBBnan 
— iniiaiuniimimniwunnnmiitginBinfBgfBBw— 
mniimimniiDmpmntianpDiinnuMiiMBaaBaaBa— 
ii^niiEiuniiuuniniuMiflaaaiiiDiiuiiiiiiiaBnaBaBBBaBH 
inniiiBfnairanuDtmfmMumiiioiiim— MMMiMMMM 
inata  [lignin  UHiHmiBaBaifta  mu  uiiiimB«MmMMM 

. . . . . TTnuninBiraaBanann 

naaniiiniiiiuHiniiTUBBBniiniiiiiiiiniiiUBiaBBBBaBBB 

iniMa>naMPHnnnBHauin»n»Mnim»»m«»"MM^iff^f^Ba 

“"inatawtininriuiBMiiimmufigimwiiM—f 


aniimiinirnouiisiiiuimBiiDiniBiuiiiiiniaaBBB 
~^lf^!?!f'!*ii<u"*un>iaB>uouinuniBiiuiBBmB 


..pparM  MP  MSB  ■■■••■■■  ■■■*■■ 

B'MuiiimiiiiniiiiniBiniDniiniinuimaiBBaaB 
~K3nminpiinmuignaiiniiiBniimfm»»wa« 


annioiuiiiiiiiuiuiniiiiiagianmniiuiiuiiiBi 
aniusiiraiuanniiiniiBuamaiiuiiiuaiunBaBaBBnnj 
BniinirnDiiioiiinifrminanTixiiinmiiinnaaBBBBBni 
BniiitiiimiiniiiifiiimiiBnmiittiiiiiiiiiiinaBBBBBBai 
inmiiiuiiiiiiiiiniimisiininiiiiiiiiiiiiiiiBiBaBaBBBB 

■nniinuuiiiniiiiiiifiiiiiniiiiiiiiiiiiiiiiiiiiiaa«SS5S 

■niniiiiiuuiuHiiiiiiiiiiiNiiuiuniiiiniaanaaaBBBBni 
ininniiiiittnuiniiiniiiiaaiiininiiiiiiiiNnaBBBaBBni 
raiiiiiiiiiuimiinuiiiiiiimiiiuifiiiHiiiifiuaBBBaBBHJ 
iniiiaiitniiiuiiiiiiiiiiiiiiBiiiiiiiiiiiiiiiianiBBBBBBaan 
inutuiuaimiiniiiiiuiiiiaitiiiiiiiiinuiiiniBBaaBBBD 
inuTaiuuiwiffniiiunuaiiiiiiiiiiiiaaiiuaBBaaBanBD 
mcnoiiiurniiinninn  ■Bnniramn  Dm  mn  aaaaa  ann 
iniKaiftniiiiiHiniiiuiuninBiiiiiiiiniiiflaaBBBBBBaH 
initmiinniinHmiiiiiiiiniimtiuiiiiuiiinBaaaBBnn 
inimiiiiuiiHiHitiiuiiiiiiiiitiiifusiniiiiuBaBaBBBBun 
uamniuuinniiHiiioiiuaatnofiiiiuiiiiiBnaBaaBBHn 
imooinninnHiuiiniiiBniHStniiiiiiiiaanaaBaBBBDai 
munuinuiunuiiiinifiiBHiuiuiiiniinuaaBaBaaani 
iniiiuiiiHiiiiiHiiiiiiuinnmiitiuiinuManBBBaBBani 
miUDiiuiimiuiiiinniuniiiuiiiiiiBiniiinBBBBBBBni 
inuuiniBiBDUiuuuiinnuiuinBiiinnBaaaBaBanni 
mffTHWBamimnimmmimntfittggi  !■■»■■■■■■  MMw 
inuiuiiiDiiiniiniiiiiiiBiiiuiiiiiiniiiniiiiiBBBBBBBBi 
BniuiiiiiniiiiiiiiniiiiiiiBniifisimiifiiiiniiiaBBBaani 
iniimnniRUimiiiiiuiiuiifinuiiiiiiiiiiiBiiaaBBaani 
inuinuiuiiuiiuniuuiianauiiiiuuuiBiBuiaBBaBnna 
BnutRBiaiimifuiiiiniitnicminiiiiniBnnaaBHmS 
miKaiiuiiMniiiuiiuiiiniimiuinimiiinBiBaBaami 
iniiUiiiioiniiinniiuiiiiniixniiiiiiniiiunBaaHnnB 
innraauiauiiuiiiiiiiiiiiiiituiiHiifmiiBnBBBaBBBni 
iniuaiuauiijiiuiiiuinuiaMitKBiiBiiinaaaHBBnSa 
na  ms  mu  mo  I  ini  i  im  iim  mn  nm  nm  lana  BBBBBBnnB 
iniiisuniiiBiiiniUHifmuiHimi  ilia  HUB  laaBBaBna 
aaiiiimnJiiiniiiiiiiiiiiniauiuiiintaiiiunaaBBBBna 
inmoFTiiiiiiiiuininiiiiiiBinstnuiiiaiifiniBBaBBanB 
muuiuuuuuiuuiuniuiaiiBitiiuuusinnuBBBBnna 
inommniimiiniinnmufiniiimiinBunBtaBBBBnna 
inmaamirRiiiiuiiiniiiiiiinfBnsiintUBBBBBBaBBHna 
ininniimiiiiiiiiuiiuiiiinifiiiiniiimiiniaiBaBBBnM 
iniuQiiratiiaaiiiiiniinniHiiimiHininngaBBBBBni 
aa  SB  lUBiBn  I  uu  ira  MU  iffli  am  uan  aaaBB  BOBa 
naoBiiiiiimiiBiRniivmEaBBiBninamBanBaHBani 
iniimiuRiiniiuflUfniiuicuutBunniiiniunBaBBnni 
inoiBifuiiiiauiaiunuiiiiimmBiiuiiuniUBBBataaui 
in  un  mo  am  iiio  u  m  mu  d  m  tts  ntif  m  n  wn  anan 


BniuiiiHuinuiiuiiiiniininniiiflinniaaiinaBBa^MaMB 
anofiiuiiiiuiinisiiiiniiinnniiiiunninmiaaaBaanni 
■ninDinDuiDHUiiiiu  uan  iimimiiiniiiiuuBBH  Banana 
^BtmiuiitiiBiBaiiuiniJuuiniiuiinuiiinBannBHnan 
anmniffniiinieiiifnifminniwnnim—fp^aaannna 

BnitiniiUHHniiiiiimiianaiimiimiwnuiMBM—— MM« 
BnimiiiiiinmiiiiitiiiiiiiniiiuiniiiiiiiiiiiBnBnBBBnnB 
BniiiiiiimiminniiiiuiiiniimimiiianiiiiiBBBaaBBnBM 
BnnjuniiiuniiuiiiiiiiiimiiiiianiuiitiiuiBBaaaBnau 
anBrsinoiiiDiimifiniiBniiniiiiiimniimaBaBBaunBani 
■niimiuiiiiuiiiiDiiiifiiuamiiuiuiiiniiiiaiaBBBBBnna 
■ny.uimmHiiiiiiiiiuinninniiiifiiiiiiinBaaBBaBBnna 
uamoDiDiiiDiiuiiuunuanniiBniiniiimuBBaBannB 
■n  Q  a  U28  on  i^H  nan  iim  I  iiB  ma  inn  aaBBB  Bnauan 
inmifBifinifniiiiniBuitiujuiiiiiuiinBiBBBBBBBnaaBi 
■BiiBiia  HID  HID  unman  DimmiiiBiiiiinaaBBBBnaBBa 
miiaHJBtnBimiitgnmaatinimnnmifgnMaaaaaanna 

BpaminBIDaUIBItlBIfantMtUflllMBlfmwwMM— 
BMMUfluiiaiiiBinnuuaiDtiiiuiiiiBiiugaBnBaBBBnH 
■niHBBmifraiituttmniaattfBiRninniBanaaDnnianaBnni 
■niHOtfiDiirauuimiiuiiaiuninniuuiianBBBnaBaanBa 
■naiBtuaurouiiiiwuinniiiBiimmniwfBMaaM— 
innBiiiOuaiuininiifinBmiiiiiHiiiiiiiuaiBBBBBaaMa 
m  BO  loa  uia  rfu  luia  luaa  luu  lun  iimiiin  ■aBBBBBmau 

iniiPigniiiiBipnnrmianBHuiHiiiimti—aaaw—— 

mnaniBmBntniiuiamaiiiiiiiiiiininmaBBaaaaanna 

uainBrmiiiiHuiiiiiuiinaBiiiiiiHiiiiiiiiiauiBBBBBBnnB 

nauHiitiuiiininniuiiiiiiaiimiiiiiiuiiiiaiiiaBBBBaanBa 

mtta>mimiimnaitnaaiifmuun|iffiiaBi»— 

in  BB  mn  «  HiB  nin  mn  nmiini  amnan  aaBara  aaaaaaa 

iniiHitiiBtiiBfiiDiiiniiBuiiniuuiiiniiiBaauaBBBaBnn 

muBQUuninaiiiniiiuaiiuinmiBuiuinuBBBBBnnB 

narniianiiaiifiiimiiwaMtnmiintiwnmggnuaaagnaanB 


amaagiLiuianiiiiiiinuiHaiiiniHniiinaaaa 

BiuiiintmiHinniDBiwatnatnniifniianBBBB 

BBBUUIllUlllUinHItlUBIinilllllllUimUBBBB 

aBBflutnmiinimnmaainBiBBnia— — gpM 

BBQiaoiniinniimiiaBBiiiiiiisniiinuauBaaa 

auBBniiRBaniiiiiiiiBBBdHiHiiiiiiHnnaBam 

BDomBumiimifuiUBnitrauiiiiuiimuraBa 

■nimBuiaaiBnmnmBiainniianBBBB 

BaaaBmuniiuBMuaauiinBiBnnnBiBaaL.- 

BBBBaumuniiinmBanniiiniiiimiJDuiBaaaaa 

BMaagniimaiimBaatiananinimaiBaaBaBa 

amBgaaiBBiHimuagMBiHiBDniHmnaaaaaB 


a  BB  sa  ma  im  ma  n 


BnnisniiiamnianuaacaDiiHiitnfiBBUBBaBaa 
wnnomDMaiaiiiuutfnaiinimiiBNmiunanBBBa 
BnrmunBHiDiHBiuninnuutuntnnanaaaBBaa 
ansnnMBniuaniniifiarnntiwiinmnaBBBBaa 


BBaraaniinninniBBBBBBBUBa 

_ niHnigminnaaBBBaaaaauBnna 

BSBtflBiintiiBiiuaiBnaiiiuiiuiHminniBHBBBanna 
- aannmiuuiiuaaiuBiiiiiiiiniiiianaaaaauBnB 


1  imjuinmumrniingaatHBWttrtiitwMMW— 
1 9  inc  m  mn  liiH  urai  rru  inn  I RM nm  atuuaraa 
*  m  4K  iM  100  lira  :uG  m  iHB  tuo  inn  11  la  tnu  ran 
S^nmtiniraNiiiBMiatwnwinntiiiiiunHn 
I  lu  ita  SB  un  ma  di  ua  lua  WB  iJtn  f  ifB  aaan  ana 
1 01  an  on  tin  >ini:oi  Ml  run  mo  iiin  ifiBi  MtM  nniM 
l^iiiitarHiumniHaHoiiuflmntmiiRiitiBuiua 

I  tii':(iEaumBiiiHS9;iiRmBiuHiimiiiitiMiioona 
I  jSJBiiiiiiiiuiuiiititiniainiiretiintiuiHuinu 
I  a  till  ttataB muoi an aoiuin uiH tuH uoo uoH 
1  intmi  ooiiDB  1110118  niHOiuainniniunnninm 
J:iiHiuRiiatiniii5suuiin)itniniiiiunniHoaMa 
ItuiBnicmninniiniiiniiiiniKiiiiminiininnaB 
liiBdaMOUuiiiiiiiniauiiiKiiiioiiuiiiiiitHUiaBa 
I  imuaiflBuaiiiMaBiiiBinflmnmiiitunioaBBBB 
I  jQ  mi  OB  ma  itni  19  m  lira  inn  um  nm  iBBB 
liiiosui8iiiiiinDJiii:irii{inHiniiniiiiiiiiafHB~ 


1 39  la  BB  ta  I BB  a  a  SB  UBuno  inaiisBB  BB 

■  71  gm  Bn  DOi  a  ra  ISO  KB  fBU  ffiu  anaa  BBB 

■  n  ra  in  UH  nma  ra  aw  u  IB  tttfl  I  Hn  Hflaa  un 
I  siBitQBtiisanmQaaoiusiiflBiiuaHaBaBBiM 

■  s  w  tuB  n  rn  asD  TB  30  urn  BfB  tun  tuu  ftaaa  an 

■  fainnnniniHnaiiuetmiinotfninaMmsaBB 

■  oeusiKiittraiiiu'njiiiiBiunKituiunitnaBBB 
■ini3iDutflnittiiiiii»tufi:iiuaniiituiiniiuiiiBa 
■iMfntBwrTnTmiii  rr'iir’iiiitnniiiTiiiiiiiariaiia 
■TQSBmrmiifniirnaHmaininniiiHnBaaBaa 
■iiBiiiRiHiiiiniiitMiisiiiiiiiHiiiiimuiiiiiiiMMaaB 
I  oiit&  irainni  iiniiMumtuHiini  itin  lull  iiaaiaaB 
ijaiiiiinRUiiiiuiijUiiHiiirDiiiiiintituiiiiaiiiBa 
I'luaniinnaiiiuisianiiiuiinaiiiiiiiiiiiiiiaaBB 
■'njnniiKmHinuininsxmrmiiiitiifinimiaBB 
laniusiUiiiiniiiiiMrrrtioKwiiuiiiiiiiiiuifiiia' 


l^imnDiUHiuiisiitciiUKmiiiiiiiimiimaBBaaaiiojNrnitiiiiiiiiiiijfiiciimtuiiHiiitiaiiiniaBaa 
luimoftam{iHiniiiiitii!iiuuniiuiiiiniiiuaaBBBnfn>uBnuiiiuniiH'^:itiiiiiniiuniiiiiiiiiiHnMBi 
l»BniMuiHiiiimat8iafiuuiitiuitianBuaBBaJti:ttiiuiiiuuiuuauiuuiiniuiuiuiiiuuiaBaiiaBi 
liBintnHnKiBisiiiflimimiifiiniiiniiBaiaaBBnaiflimiffnmnornninmiitiiiiiuinHnaiiaaBi 
I  111 oa nil tuiiniuiittniiiiBiiiniiiiiiiiiiiinauBBB 381111] DIE luuiiiN  iiiiiiisiiiDimiiiiiiiimiiuiiaBi 
liKa>itu«i»Biuti:!iEiiti:iiiiiiuiuiiiiiuiiunaaBBminBfiii!uiiirtm^'mi:Uiiimiiiiiiiiiniinfaaai 
liiiiMfiiHUSittitziinEHmiatiiiiutiiuuiiiaaBBn’nBiiiuiainiuiifniiuiuuiHiiinniiHintniiutiBai 
lau«siinuHi9iiuBiun!ii0HuiiimuiaBaBBan»ita^iii0iun.nfiiuiiiiBiiuniiiiiiiiituaaaBai 
laEammniniHiJuiiiuiiBBaiBtuiiiiiaaaBaaitBinitnunnnfioiLisiiiuiimiomiiiinuaaBBi 
liiiinaiHBiiin]iiu:nsiiifl:ijf|]i»irmiiiiiiiiiaiBBBBnDi»fUQiu{iiiinH;ngiiifliNitiiH>iiiuituaaBBf 
1 19  BiasiuuiiiB^a  KB  inmnimtiuu  mu  BBaanaviunifUiiiounifiiiuiiimimiiini 


lanaamiiuiuaaiciHiimiiHniiiiiiifnaBBi 
I  IB  ua  H  uu  am  SB  tuB  liu  itnimi  i  uu  unn  bbbb 
a  a  OB  nam  m  m  ra  TTia  nm  mai  aaa*i 
a  qb  roB  HUB  an  iUB  un  inu  I  tm  ima  bbbbi 
laaanistiniaiBSBiuiirmiunufitiiiHitfnBBBni 

■  a  ani  HU  lUB  SI  Kui  naina  uitt  uui  imu  bbbbi 
I  a  M  8B  OB  uoi  a  niBB  ua  uu  mn  maa  MBam 
I  a  SB  tn  an  man  umiixB  I  ira  mn  maa  uBBm 
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A  finite-difference  computer  model  was  used  to  simtilate  ground-water 
flow  under  various  aquifer  and  pumping  characteristics.  A  total  of  10 
simulations  were  run.  Due  to  grid  size  limitations  in  the  model,  well  and 
slurry  wall  locations  could  only  approximate  actual  locations.  In  all  i 
simulations  a  line  of  recharge  wells  was  located  approximately  375  feet 
frm  the  northwest  boundary  of  BMA.  The  discharge  well  line  and  the  slurry 
wall  were  located  550  feet  from  the  recharge  well  line.  Additional 
discharge  wells  were  placed  100  feet  behind  the  slurry  wall  (upgradlent 
in  terms  of  ground-water  flow).  For  convenience,  recharge  wells  will  be 
nximbered  SWl  through  10716,  from  south  to  north.  Discharge  wells  will  be 
numbered  DWl  through  DW15  or  DW16.  The  nutober  of  discharge  wells  will 
vary,  depending  on  the  simulation.  Recharge  wells  were  spaced  at  100-foot 
Intervals,  except  for  those  located  downgradient  of  the  slurry  wall,  which 
were  spaced  at  200-foot  intervals  (RW12  through  RW16).  Discharge  wells 
were  spaced  at  100-foot  Intervals,  except  for  those  located  upgradlent 
of  the  slurry  wall.  Those  wells  upgradlent  of  the  slurry  wall  (DW12 
through  DW16)  had  variable  spacings  of  200,  30C,  200,  and  300  feet  when 
4  wells  were  uscsd,  and  were  evenly  spaced  at  200  feet  for  simulations 
where  5  wells  were  used.  Each  of  the  simulations  will  be  discussed  in 
the  following  paragraphs. 

Simulation  1;  This  simulation  was  run  as  an  Initial  test  of  the 
model  under  pimiping  conditions  after  r^lnning  a  steady  state,  non-pxmtping 
calibration  run.  No  slurry  wall  was  simulated.'  The  four  discharge  wells 
upgradlent  of  the  proposed  slurry  wall  location  were  ptmtped  at  25  gpm. 

Five  recharge  wells  were  located  downgradient  of  the  proposed  slurry  wall, 
with  eac^  well  injecting  20  gpm.  All  other  wells  were  pumping  100  gpm. 

The  tot^  system  pumpage  was  1,200  gpm.  Gradient  reversal  was  accomplished 


in  the  area  south  of  the  proposed  slurry  wall,  but  was  not  accosrpllshed 
in  the  area  where  the  slurry  wall  would  be  built.  This  run  reinforced  the 
need  for  a  slurry  wall  to  create  an  effective  system. 

Simulation  2t  This  run  attempted  to  simulate  the  slurry  wall  by 
specifying  zero  aquifer  thickness  at  the  proposed  location.  Results  from 
this  simulation  were  deemed  imreliable  after  looking  at  the  program  code, 
because  a  saturated  thickness,  hence  a  transmissivity,  could  still  be 
calculated  at  the  slurry  wpll. 

Simulation  3:  A  new  data  matrix  was  set  up  for  this  simulation, 
specifying  a  permeability  of  3.3  x  10“^0  ft/sec  for  the  slurry  wall. 

The  permeability  for  the  -  remainder  of  the  aquifer  was  set  at  .0165  ft/sec 
(1400  ft/day).  The  pumping  rates  were  the  same  as  the  first  two  simula¬ 
tions,  with  a  pumping  period  of  30  days.  The  simulatCMi  slurry  wall  was 
1,300  feet  long.  Gradient  reversal  was  accomplished  in  the  main'  well 
section  of  the  system  (those  wells  pumping  100  gpm) ,  but  was  not  success¬ 
ful  in  the  area  near  the  slurry  wall.  Downgradlent  of  the  slurry  wall 
ground  water  still  flows  out  of  the  system  to  the  north.  Locations 
upgradlent  of  the  slurry  wall  show  a  head  build-up  of  up  to  3  feet,  with 
a  head  drop  across  the  slurry  wall  of  approximately  5  feet  on  the  average. 

Simulation  4;  For  this  simulation  a  fifth  well  was  added  upgradlent 
of  the  slurry  wall  to  reduce  the  head  build-up.  Spacing  between  each 
well  upgradlent  of  the  wall  was  set  at  200  feet,  and  each  well  pumped 
20  gpm.  The  total  system  pumpage  was  1,200  gpm.  Using  a  pumping  period 
of  180  days,  steady  state  was  reached  after  34  days.  Little  if  any  change 
was  noticed  between  this  run  and  Simulation  3,  including  the  head  build-up 
behind  the  slurry  wall. 


Stimilatlon  5;  Simulation  5  maintained  the  same  pumping  rates  as 


Simulation  4:  five  wells  upgradient  and  downgradient  of  the  slurry  wall 
pumping  20  gpm  and  all  other  wells  pimping  100  gpm.  The  permeability  was 
changed  from  .0165  ft/sec  to  .00825  ft/sec  for  the  area  north  of  BW12  and 
DW12  (approximately  one-half  the  model)  to  more  accurately  represent  actual 
properties  of  the  aquifer. '  This  representation  was  used  in  all  future 
simulations.  The  results  show  gradient  reversal  between  W  and  BW  wells 
1  through  12.  Groimd  water  appears  to  stagnate  near  well  BW14.  South 
of  BW14  there  is  a  slight  component  of  flow  toward  the  slurry  wall.  The 
flow  along  the  recharge  well  side  of  the  slurry  wall  is  toward  the  north, 
while  on  Che  discharge  well  side  the  flow  is  toward  the  south.  In  this 
simulation  the  head  drop  across  the  slurry  wall  decreased  from*an  average 
of  5  feet  to  an  average  of  3  feet,  with  a  maximum  head  loss  of  6  feet  at 
the  north  end  of  the  slurry  wall.  The  change  in  head  drop  across  the 
wall  was  a  direct  result  of  changing  the  permeability  on  Chat  half  of 
the  model. 

Simulation  6;  For  Simulation  6  there  were  16  discharge  wells  and 
16  recharge  wells.  Discharge  wells  DWl  and  DW2  were  pumped  at  150  gpm; 

Dff3  through  DWU  were  pumped  at  100  gpm;  DW12  was  pumped  at  20  gpm;  and 
DW13  through  DW16  were  pumped  at  25  gpm.  Recharge  wells  RWl  through  RWll 
were  pumped  at  100  gpm;  BW12  and  RN13  were  pumped  at  20  gpm;  and  RW14 
through  BW16  were  pumped  at  60  gpm.  The  total  system  pumpage  was  1,320 
gpm.  The  length  of  the  slurry  wall  was  1,300  feet.  The  gradient  was 
reversed  between  RW  and  DW  wells  1  through  11.  In  addition  to  reversing 
the  gradient  between  those  wells,  a  gradient  was  induced  so  that  flow 
along  both  sides  of  the  slurry  wall  was  toward  the  south,  thus  preventing 
any  groimd  water  from  escaping  the  system  to  the  north.  This  would  increase 
the  amount  of  recirculation  in  the  system.  Because  of  the  high  amount  of 


recharge  in  wells  SW14  through  RW16,  aad  the  Increased  discharge  in  wells 
DW13  through  I)W16,  the  head  drop  through  the  slurry  wall  was  reduced  to 
less  than  1  foot. 

Slaiulatlon  7;  The  number  of  wells  upgradient  of  the  1,300-foot- long 
slurry  wall  was  reduced  to  four  for  this  run,  making  a  total  of  15 
discharge  wells.  Each  of  the  four  wells  pumped  25  gpm.  Wells  RW14 
through  RW16  Injected  53  gpm,  and  all  other  wells,  recharge  and  discharge, 
pumped  the  same  as  described  for  Simulation  6.  The'  total  system  pumpage 
was  1,300  gpm.  Results  were  the  sane  as  for  SimTilatlon  6,  except  that  a 
stagnation  point  developed  in  the  ground-water  flow  near  wells  RW15  and 
BW16.  South  of  these  wells  grotmd  water  appears  to  flow  along  the  slurry 
wall  toward  the  discharge  wells.  This  simulation  reached  steady  state 
after  79  days  of  pumping,  comparetd  to  52  days  for  Simulation  6.' 

Simulation  8;  In  this  simulation  the  slurry  wall  was  extended  100 
feet,  to  a  total  length  of  1,400  feet.  Well  DWU,  originally  at  the 
south  end  of  the  slurry  wall,  was  moved  100  feet  behind  (upgradient)  of 
the  wall.  The  pximping  rate  of  DWU  was  reduced  from  100  gpm  to  25  gpm. 
Wells  DW12  through  DW15  were  also  pumped  at  25  gpm;  DWl  and  13W2  were 
pumped  at  150  gpm.  Recharge  wells  BW12  and  RW13  injected  20  gpm,  while 
BW14  through  RW16  Injected  28  gpm.  All  other  wells  were  pumped  at  100 
gpm,  for  a  total  system  pumpage  of  1,225  gpm.  The  stagnation  point  for 
ground-water  flow  moved  south  for  this  simulation,  with  ground  water 
flowing  north  along  all  but  the  southernmost  300  feet  of  the  slurry  wall. 
This  is  attributed  to  the  decreased  amount  of  water  Injected  in  wells 
RW14  through  BW16  and  the  decreased  system  pumpage.  Gradient  reversal 
was  not  affected  in  the  area  of  contaminant  concentration,  so  the  system 
Is  considered  effective.  A  maximum  head  bulld-tip  of  1  foot  Is  still 


apparent  upgradlent  of  the  slurry  wall,  indicating  the  wells  are  not  pumping 
lOOZ  of  flux  in  that  area.  Steady  state  for  this  simulation  was  reached  in 
3A  days.  This  simulation  is  contoured  on  Plate  1. 

Simulation  9;  Pumping  rates  of  wells  upgradient  of  the  slurry  wall  were 
Increased  to  30  gpm  each  in  an  atteB5>t  to  reduce  the  head  build-up  behind 
the  wall.  The  additional  water  was  distributed  to  recharge  wells  RW15 
and  BW16,  increasing  the  recharge  rate  from  28  gpm  to  40  gpm  for  each  well. 
All  other  conditions  remained  the  same  as  Simulation  8.  Steady  state  was 
reached  in  34  days.  Head  build— up  behind  the  slurry  wall  was  reduced  to 
a  maximtTm  of  .5  foot.  Ground  water  along  the  slurry  wall  was  essentially 
stagnant,  with  the  only  component  of  flow  being  toward  the  slurry  wall 
from  the  recharge  wells. 

Simulation  10;  This  simulation  was  run  to  test  the  designed  system 
start-up  conditions.  Five  wells  (DW11-DW15)  were  located  upgradient  of 
the  slurry  wall,  each  pumping  25  gpm.  Six  wells  (fiWll-KW16)  were  located 
downgradient  of  the  slurry  wall,  with  five  of  the  wells  injecting  20  gpm 
and  the  other  well  injecting  25  gpm.  All  remaining  recharge  and  discharge 
wells  pumped  100  gpm.  The  pumping  period  was  180  days,  with  steady  state 
being  reached  after  52  days  of  pumping.  Gradient  reversal  had  been 
established  as  early  as  nine  days  into  the  pumping  period.  Upgradient 
of  the  slurry  wall,  a  maximum  head  build-up  of  1.3  feet  occurred,  with  a 
maximum  drawdown  of  2.3  feet  immediately  downgradient  of  the  slurry  wall. 

The  head  drop  across  the  wall  ranged  from  a  maximum  of  6.4  feet  at  the 
north  end  to  -0.3  foot  at  the  south  end.  Flow  on  the  downgradient  side 
of  the  slurry  wall  was  toward  the  north,  with  a  small  coiiq)onent  of  flow 
toward  the  slurry  wall.  This  simulation  is  contoured  on  Plate  2. 


Of  the  10  slsnilations  that  were  rtin»  the  first  two  were  considered  test 
runs  and  the  results  do  not  apply  to  system  operation  simulation.  The 
remaining  eight  simulations  suggest  that  any  of  the  simulated  systems  will 
work  to  create  a  hydraulic  barrier  to  contaminant  flow.  The  model,  however, 
is  only  a  guide.  Monitoring  of  the  installed  system  will  be  the  only  true 
method  of  determining  whether  a  hydraulic  barrier  is  actually  established. 

The  final  three  simulations  more  accurately  represent  conditions  in 
the  field  than  Simulations  3  through  7.  Results  from  Simulations  8,  9,  and 
10  are  presented  at  the  end  of  this  appendix.  If  the  designed  start-up 
^stem  (Simulation  10)  does  not  create  adequate  results.  Simulations  8 
and  9  suggest  that  increasing  the  pumping  rate  in  the  first  two  discharge 
wells  and  directing  the  increased  flow  to  the  last  two  or  three  recharge 
wells,  will  create  a  workable  system. 
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STMOLATION  9 


PUMPING  PERIOD  NO.  !•  180.00  DAYS 


NUMBER  OF  time  steps*  12 

DELT  in  hours  s  11.185 

multiplier  for  OELT  »  l.SOO 


31  FELL^ 
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PUMPING  RATE 
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SIMDLAJION  10 


pumping  period  no*  1»  180*00  DAYS 


NUMBER  OF  time  STEPSs  12 

OELT  IN  HOURS  «  11*185 

MULTIPLIER  FOR  DELT  «  1*500 


31  wells 


I 

J 

PUMPING  rate 

WELL  RADIUS 

BH16 

21 

5 

o*os 

0*50 

BR15 

23 

5 

0*05 

0*50 

BW14 

25 

5 

0*05 

0*50 

KH13 

27 

5 

0*05 

0*50 

BW12 

29 

5 

0*05 

0*50 

BRU 

31 

5 

0*06 

0*50 

BRIO 

32 

5 

0*22 

0*50 

BR9 

33 

5 

0*22 

0*50 

BW8 

34 

5 

0*22 

0*50 

BR7 

35 

5 

0*22 

0*50 

BR6 

36 

5 

0.22 

0*50 

BR5 

37 

5 

0*22 

0*50 

BW4 

38 

5 

0*22 

0*50 

BW3 

39 

5 

0*22 

0*50 

BW2 

40 

5 

0*22 
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BRl 

41 

5 

0.22 
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DW15 

21 

9 

-0*06 

0*50 

DW14 

24 

9 

-0*06 

0*50 

DW13 

26 

9 

-0*06 

0*50 

DR12 

29 

9 

-0,06 
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31 

9 
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0*50 
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32 

8 

-0.22 

0*50 
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33 

8 

-0*22 

0*50 
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34 

8 
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0*50 

DW7 
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8 

-0*22 

0*50 
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8 

-0*22 

0*50 
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8 

-0*22 

0*50 

DW4 

38 

8 

-0*22 

0*50 

1W3 

39 

8 

-0*22 

0*50 

DW2 

40 

8 

-0*22 

0*50 

DWl 

41 

8 

-0.22 

0*50 

SIZE  OF  TIHE  STEP  IN  SECONDS-  1547928.00 


MAXIMUM  CHANOE  IN  HEAD  FOR  THIS  TIME  STEP  >  O.OlA 
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